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Letter of Transmittal

NATIONAL SCIENCE BOARD
4201 Wilson Boulevard

NSF ARLINGTON, VIRGINIA 22230

February 26, 1998

The Honorable William J. Clinton
The President of the United States
The White House

Washington, DC 20500

Dear Mr. President:

It is my honor to transmit to you, and through you to the Congress, the thirteenth in the series of biennial Science
Indicators reports, Science and Engineering Indicators — 1998. The National Science Board submits this report
in accordance with Sec. 4(j)(1) of the National Science Foundation Act of 1950, as amended.

These reports are designed to provide a broad base of quantitative information about U.S. science, engineering,
and technology for the use of public and private policymakers in their decisions about these activities.

Investments in basic research, advanced technology, and science and engineering education are critical to the
achievement of our national economic and social goals of improving health, welfare, economic competitiveness,
and national security. The quantitative analyses in this report provide information on a variety of critical trends
and issues as we prepare to enter the 21st century.

The report presents information on science and mathematics education from the precollege level, through graduate
school, and beyond; and also presents information on public attitudes and understanding of science and engineering.
It analyzes science and engineering activities in the United States and provides valuable comparative information
on science and technology in other countries. One of the important new features of the report is a chapter on the
“Economic and Social Significance of Information Technologies.” I should also note that the entire report will be
available on the World Wide Web.

I hope that you, your Administration, and the Congress will find this report useful as you discuss and determine
the policies and priorities for the Nation.

Respectfully yours,
MBllad N Fre

Richard N. Zare
Chairman
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Introduction: The Past Is Prologue

Maintaining a Tradition of Excellence
and Innovation

For more than a quarter of a century, the National Science
Board’s Science & Engineering Indicators report series has
been a chronicler of key trends in science and engineering
research and education. As the United States begins the tran-
sition into the 21st century and into a knowledge-based
economy, it is worthwhile to examine the significant changes
in the science and technology (S&T) enterprise that charac-
terize the current period. Many of the issues faced at the time
of the Board’s first report, Science Indicators — 1972, endure.
Also, important aspects of the future will be at least partially
determined by the S&T resources—both human and finan-
cial—in which the Nation has already invested.

An analysis of historical trends is possible due to the fore-
sight of science policy leaders in the past. The collection and
analysis of quantitative information as a basis for policy and
decisionmaking was an integral component of the National
Science Foundation’s (NSF’s) mandate from the outset. In
preparing NSF’s first full-year budget for fiscal year 1952,
the National Science Board allocated $1 million of its ap-
proximately $13.5 million request for a survey of the Federal
Government’s financing of research and development (R&D).
In 1953-54, NSF extended its surveys beyond the Federal
Government to encompass research support and performance
in industry, colleges and universities, and other organizations.
At about the same time, it initiated the first in a series of
human resource surveys.

“Through these studies,” as NSF’s 1957 annual report
emphasized, “the Foundation has provided a new kind of
measurement of national economic strength.” This quote from
a document published over four decades ago is as appropriate
today as it was then. Many of the indicators that were devel-
oped at that time are still viewed as essential ways of measur-
ing national S&T capabilities and economic strength. As times
change, the need for additional data and indicators has evolved,
along with the need for greater elaboration and disaggrega-
tion of many of the previous data trends. This information
and analyses enable a better understanding of the various char-
acteristics of the S&T enterprise, including who the various
participants are, patterns of collaboration, and impacts on the
broader society.

The 1957 annual report, which included a chapter summa-
rizing NSF’s survey activities and highlighting future survey
plans, stressed the centrality of this work to the agency’s mis-
sion. In fulfilling its statutory responsibility to develop and
encourage the pursuit of a national policy for the promotion of

basic research and education in the sciences, the National Sci-
ence Foundation developed and has continued its surveys of
the U.S. R&D effort in various sectors of the economy. These
studies and surveys provide a solid basis for analyses, conclu-
sions, and recommendations concerning S&T resources.

Responding to Expanding User Needs

The National Science Foundation Act of 1950, as amended,
states that the Board is responsible for rendering to the Presi-
dent for submission to Congress in each even-numbered year
a report on indicators of the state of science and engineering
in the United States (Sec. 4 [j][1]). The current issue, Science
& Engineering Indicators — 1998, is the 13th in the biennial
series. This important national and international data resource
is part of the Board’s larger responsibility in the area of na-
tional science and technology policy.

The Act further authorizes the Board to advise the Presi-
dent and Congress on matters of science and engineering
policy (Sec. 4 [][2]). In accord with this broader obligation,
the Board has determined to prepare a series of occasional
papers commenting on selected trends in the Indicators re-
port to focus attention on issues of particular current and long-
term concern regarding the Nation’s science and engineering
enterprise.

Governments at all levels and nongovernmental organiza-
tions in the United States as well as in many other countries
are increasingly concerned with accountability and
benchmarking activities. With the advent of the Government
Performance and Results Act (GPRA), the development of
reliable output and impact indicators for inclusion in the Sci-
ence & Engineering Indicators report series has become even
more important. Science & Engineering Indicators — 1998
provides data and information that can be useful as a general
framework or source of complementary information as vari-
ous organizations develop their own specific performance
indicators.

The conceptualization of new types of quantitative infor-
mation to characterize emerging aspects of the science and
engineering enterprise and their impacts has had a signifi-
cant influence on the evolution of indicators methodology it-
self. Science & Engineering Indicators — 1998 continues this
tradition with a new chapter titled “Economic and Social Sig-
nificance of Information Technologies.” There is an increas-
ing need to understand and communicate more effectively
and efficiently the contributions and outcomes of science and
technology. Measurement of the economic and social impacts
of S&T is a special challenge particularly for rapidly
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developing areas epitomized by information technologies. The
Board believes that this new chapter, which addresses both
positive and negative aspects of information technologies,
makes a significant contribution toward synthesizing and crys-
tallizing what is currently known about this important topic.

Beginning in the late 1950s, NSF’s annual reports devoted
increasing attention to the international context of U.S. sci-
ence and engineering, particularly following the launching
of Sputnik I by the Soviet Union in October 1957. Reflecting
the importance of comparative international information, Sci-
ence Indicators — 1972 included data on R&D expenditures
of several major foreign countries. Coverage of international
topics has been enhanced with each succeeding edition of the
report, as has its international readership. Noting the increase
in the globalization of science and technology and the in-
creased interdependence of the world’s economies, the Board
decided to make international comparisons and global trends
a major theme of the Science & Engineering Indicators —
1998 report. The growing availability of internationally com-
parable data is—in large measure—the result of close work-
ing relationships developed over many years between NSF
staff and their counterparts in other countries who are also
engaged in the collection and analysis of indicators data. Sev-
eral multinational organizations also contribute substantially
to making such data available. These include the Organisation
for Economic Co-operation and Development (OECD), the
United Nations Economic, Scientific, and Cultural Organi-
zation (UNESCO), the European Union (EU), the Pacific
Economic Cooperation Council (PECC), the Asian Pacific
Economic Cooperation (APEC), the InterAmerican
InterIberian Science and Technology Network (RICYT), and
the Organization of American States (OAS).

In recognition of the increasing attention worldwide to the
importance of developing S&T indicators, as well as NSF’s
international leadership in this effort, NSF and OECD orga-
nized an international workshop on the Uses of Science and
Technology Indicators for Decisionmaking and Priority Set-
ting; this was held at NSF headquarters from September 7-9,
1997. Claudia Mitchell-Kernan, Chairman of the Science &
Engineering Indicators Subcommittee, represented the Na-
tional Science Board as a co-host of the meeting and stressed
the growing importance of international comparisons. The
representatives from 28 countries and six international orga-
nizations who participated in the event strongly concurred.

Today, the need for quantitative data to assist in
decisionmaking is even stronger than it was when the Board
first began this effort. The U.S. science and technology enter-
prise is in transition. The country is changing its priorities for
R&D investment and faces budgetary constraints in many
sectors. Additionally, the United States—and the rest of the
world—is part of an increasingly global economy. Science
and engineering activities have always had a global dimen-
sion, but this is now intensifying. Science & Engineering In-
dicators — 1998 not only emphasizes international
comparisons, but also provides data and analyses related to
all of the above important topics.

With the growth of the science and engineering enterprise

over the past decades and of public recognition of its impor-
tance to economic and social well-being, the audience for the
Science & Engineering Indicators reports and the need for
new data and analyses have expanded. To make these data
more accessible to this growing audience, the entire report is
now available in electronic format (<<http://www.nsf.gov/sbe/
srs/stats.htm>>) as well as in hard copy.

Additional New Features of This Report

In the tradition of previous reports, Science & Engineer-
ing Indicators — 1998 contains a number of new features and
indicators. In addition to enhanced international comparisons
and a new chapter on the significance of information tech-
nologies, these new features include the following:

4 improved international performance indicators of precollege
science and mathematics education, curricula, and teacher
preparation;

4 increased attention to and new indicators of international
S&T mobility, such as foreign participation in the S&T
activities of the Nation, international engineering programs
in the United States, and the reverse flow of scientists and
engineers to Asia;

4 enhanced coverage of the situation of recent graduates and
postdoctoral scientists and engineers;

4 coverage of the restructuring of the defense industry and
its impact on the Nation’s S&T enterprise;

4 enhanced and new indicators of intersectoral and interna-
tional collaborations/partnerships;

4 expanded coverage of the service sector;
4 new venture capital indicators;
4 new indicators of Internet and World Wide Web use;

4 indicators of the impacts of information technologies on
science, mathematics, and engineering education, includ-
ing some attention to distance learning in higher education;

4 potential future requirements for information technology
employment; and

4 analyses of access to the latest information technologies
and their potential impact on participation in science and
mathematics careers.

Another new feature of Science & Engineering Indica-
tors — 1998 is the inclusion of several reflections on future
pressures and possible trends, coupled with the identification
of a number of important data and information gaps that de-
serve continuing attention.

The report Overview is organized around four cross-cut-
ting themes that encapsulate significant trends in the transi-
tion into the 21st century. Taken together, these trends
exemplify both the condition of the science and engineering
enterprise in the United States and the links between science
and engineering activity and U.S. society more broadly as the
country prepares for a new century. These trends are:
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¢ Increasing globalization of science, technology, and the
economy. Other countries besides the United States are
investing in financial and human resources for science and
technology, recognizing that such investments are essen-
tial underpinnings for social and economic well-being in
the global economy. Individual scientists and engineers,
industrial firms, and academic institutions are taking ad-
vantage of the increasingly international character of S&T,
as witnessed by the enhanced international mobility of the
S&T workforce, international coauthorship of scientific
publications, the development of international industrial
alliances, and the global flow of technological know-how.

4 Greater emphasis on science and engineering educa-
tion and training. Many countries, including the United
States, recognize the importance of providing an excellent
education to their population in a global, knowledge-based
economy. At the professional level, universities in the
United States and elsewhere face the challenge of intro-
ducing greater flexibility and breadth into their curricula
so as to improve the employment prospects of their stu-
dents at both the undergraduate and graduate levels. More
broadly, the Nation as a whole faces the challenge of en-
suring that its diverse workforce will possess sufficient
technological literacy, and its citizenry sufficient knowl-
edge and understanding of S&T and its socioeconomic
impacts, to address the requirements of the new century.

4 Structural and priority changes in the science and en-
gineering enterprise. The decreasing involvement of the
Federal Government relative to private industry in provid-
ing financial support for the Nation’s R&D effort, evident
since the beginning of the decade, persists. The federal
role remains essential, however, in the support of basic
research in the academic sector and in the integrally linked
education of the country’s science and engineering
workforce. Even as the role of industry in supporting R&D
has become more prominent, the structure of research in
industry itself is changing, as is evident from the increas-
ing prominence of R&D in the service industries. Indus-
trial R&D support remains most heavily concentrated in
applied research and development, as opposed to basic
research. That private industry recognizes the importance
of U.S. colleges and universities to the national enterprise
is evident from the increasing links between the industrial
and academic research sectors.

4 Increasing impact of science and technology on our daily
lives. The impact of S&T on our daily lives is profound—
however difficult to track or quantify. The changes brought
about in the workplace, schools, and homes by information
technologies may be the most obvious case in point. Data
characterizing many of the more important effects are pre-
sented in chapter 8 of this report, “Economic and Social
Implications of Information Technologies.”

None of the cross-cutting themes identified as exemplary
of the U.S. science and engineering enterprise in this, the
penultimate edition of Science & Engineering Indicators in
the 20th century, is particularly novel. Indeed, these themes
have been apparent—at least in retrospect—in the results of
the surveys that NSF has been carrying out since the 1950s.
These themes will no doubt continue to be important in the
year 2000 and beyond.

A Continuing Responsibility

A decade ago, it would have been all but impossible to
predict, in any detail, the ubiquitousness of information tech-
nologies in our lives. By the same token, it is all but impos-
sible to predict the effect of current S&T activity on our daily
lives at the end of the first decade of the new century. One of
the few predictions that the Board carn make with any cer-
tainty is that the four cross-cutting themes described above
will remain important after the turn of the century. It is also
apparent that no ultimate solutions will have been found to
the many important S&T-related issues that the Nation’s
decisionmakers and citizenry will face. Nevertheless, the thrill
of discovery, the quest for knowledge, and the need to apply
such knowledge to human problems will remain.

The Science & Engineering Indicators reports are in-
tended to provide the factual information on S&T resources
needed by policymakers in government, industry, and
academia in weighing policy options. The National Science
Board has long provided high-quality quantitative informa-
tion relevant to S&T policy issues through its biennial Sci-
ence & Engineering Indicators reports. The Board considers
these reports to be a sturdy basis on which to build. It rou-
tinely revisits their format, the data and indicators they con-
tain, and the implications of the trends identified.
Interactions with the scientific community and the public
provide opportunities to examine the implications of the data
and anticipate what data and indicators will be needed in
the future. The Board welcomes the opportunity to develop
new and refined indicators to document the evolution of the
U.S.—and global—science and engineering enterprise in the
final years of the 20th century and beyond.
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“The force of scientific and technologi-
cal innovation is helping to fuel and
shape that new economy, but its impact
goes beyond. These investments have
surely paid off in higher paying jobs,
better health care, stronger national
security, and improved quality of life
for all Americans. They are critical
to America’s ability to maintain our
leadership in cutting-edge industries
that will power the global economy

of the new century.”
PRrESIDENT WILLIAM J. CLINTON

O

cience, technology, and economies are becoming

increasingly global. This is one of the major trends character-
izing the transition into the 21st century. U.S. investments in science and tech-
nology (S&T) should be viewed in a global context. The United States and
many other countries are investing in S&T capabilities, with both financial
support and human resource development. Science & engineering (S&E) stu-
dents and personnel are internationally mobile. Scientific and technological
collaboration and alliances are increasing in both academia and industry. The
most effective form of S&T transfer is “people embodied,” but technological
know-how is also transferred through direct investment, patenting activity, the
sale of intellectual property, and trade in technology-embodied products. The
following highlights demonstrate the globalization of science, engineering,
technology, and the economy in terms of growth in worldwide S&T invest-
ments and increased international interactions.

Many countries are investing in science and technology
as a key economic strategy.

4 The U.S. economy continues to rank as the world’s largest, and the United
States (all sectors combined) also spends the largest amount for research
and development (R&D). Similarly, most other industrialized and devel-
oping countries are investing in R&D. European countries have long done
so, but now countries in Asia and the Americas are also putting special
emphasis on increasing both human and financial investment in S&T.

4 Expenditures on R&D performed in the United States exceeded $200
billion for the first time in 1997. The United States accounts for about 44
percent of the industrial world’s R&D investment and almost as much as
the other G-7 countries (Japan, Germany, the United Kingdom, France,
Italy, and Canada) combined. In civilian R&D, however, the expendi-
tures of these six countries totaled 18 percent more than nondefense R&D
spending in the United States.

S&E education is increasing globally.

4 Many countries have invested in training scientists and engineers. From
the mid-1980s to the mid-1990s, the number of degrees in higher educa-
tion in science and engineering increased rapidly in Asia and Europe. Trend
data from selected Asian countries show great increases in the number of
first university degrees in science and engineering fields for China, India,
Japan, South Korea, Singapore, and Taiwan. Between 1975 and 1995, the
total number of degrees in the natural sciences earned by students from
these countries doubled; those in engineering almost tripled.
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From 1975 to 1992, the Western European countries collectively more
than doubled their annual production of first university degrees in sci-
ence and engineering. This increase in S&E degree production occurred
despite a declining pool of college-age students in Europe. Participa-
tion rates in S&E degrees increased to more than offset the declining
population.

Europe leads the United States and Asia in S&E doctoral degree produc-
tion. In 1995, doctoral degrees awarded in S&E fields by Western and
Eastern European (including Russia) institutions totaled 45,647—about
60 percent higher than the North American level and almost three times
as many as the number recorded for Asian countries.

The global diffusion of S&E education has implications for the U.S. higher
education system. Other countries’ increasing capacity to educate
students in advanced levels of science and engineering may be one rea-
son for the decline in foreign student enrollment in U.S. engineering
programs. Additionally, the continuing expansion of global capacity for
S&E education may affect all nations, since it indicates an increasing
potential for technological and economic development worldwide.

The S&T workforce is becoming more global.

¢

The number of scientists and engineers engaged in research and devel-
opment has increased in many countries. The U.S. share of the total
numbers of R&D scientists and engineers in the G-7 has fallen slightly
from 48 percent in 1981 to 45 percent in 1993. Japan had 80 scientists
and engineers engaged in R&D for every 10,000 persons in the labor
force in 1993, compared with 74 for the United States.

In the past decade, foreign students have accounted for the large growth
in S&E doctoral degrees in U.S. universities. For the period 1992-96, the
percentage of foreign doctoral recipients planning to remain in the United
States increased: more than 68 percent planned to locate in the United
States, and nearly 44 percent had firm offers to do so. Stay rates differ
considerably by nationality. In 1996, more than half (57 to 59 percent) of
S&E doctoral recipients from China and India receiving their degrees
from a U.S. institution had firm plans to stay. A smaller percentage of
those from South Korea and Taiwan (24 and 28 percent, respectively)
accepted employment offers in the United States.

International mobility is a characteristic of postdoctoral researchers. From
1990 to 1994, U.S. universities provided slightly more than half of their
postdoctoral appointments to non-U.S. citizens. Another indicator of in-
ternational mobility is the proportion of foreign-born faculty in U.S. higher
education. In 1993, 37 percent of U.S. engineering professors and 27 percent

O

“Science and art belong to the whole
world and before them vanish

the barriers of nationality.”
JoHANN WOLFGANG VON GOETHE

O
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“Every great advance
in science has issued from

a new audacity of imagination.”
Joun DEwEY

O

of U.S. mathematics and computer science professors were foreign-born.
These faculty members are mainly from Asia and Europe, with the larg-
est numbers coming from India, China, the United Kingdom, Taiwan,
Canada, and South Korea.

In 1993, almost a quarter (23 percent) of doctoral scientists and engi-
neers in the United States were foreign-born. More than a third of
these (34 percent) received their S&E doctorates from foreign
institutions. In general, the percentage of immigrants is highest in
fields with very good labor market conditions, such as engineering
and computer sciences. The highest proportion of foreign-born
holders of doctorates was in civil engineering (51 percent); the lowest
was in psychology (9 percent).

Some U.S. doctorate recipients go abroad. A lower-bound estimate of
U.S.-born Ph.D. graduates residing abroad in 1995 is 13,900 (3.3 per-
cent of the total). If those with U.S. citizenship or permanent residency
at the time of their degrees are included, this rises to 19,600 (4.1 percent
of the total).

Scientific publications are increasingly international
in character.

¢

Since 1981, the overall number of articles published in a set of the world’s
influential S&T journals rose by almost 20 percent, compared with a rise
of 8 percent in articles attributed to U.S. authors. This increase coincided
with the strengthening of S&T capabilities in several world regions. Europe
increased its share of published output from 32 percent in 1981 to 35 per-
cent in 1995, reaching a higher share than that of the United States.
Asia’s share rose from 11 to 15 percent over the period.

International collaboration on scientific publications is increasing, re-
flecting the globalization of science. In 1995, half of the articles in a set
of journals covered by the Science Citation Index had multiple authors,
and almost 30 percent of these involved international collaboration. A
steadily growing fraction of most nations’ papers involved coauthors from
different nations. From 1981 to 1995, while article output grew by 20
percent, the number of articles with multiple authors rose by 80 percent,
and the number with international coauthors by 200 percent. These trends
affected all fields.

For almost every nation with strong international coauthorship ties, the
number of articles involving a U.S. author rose strongly between 1981
and 1995. Nevertheless, during this same period, many nations broad-
ened the reach of their international collaborations, particularly within
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geographical regions, causing a drop in the U.S. share of the world’s
internationally coauthored articles. In the Asian region, collaboration par-
ticularly involved China and the newly developing industrial countries.

Citation patterns also mirror the global nature of the scientific enterprise, as
researchers everywhere extensively use and cite research findings from around
the world. U.S. scientific and technical articles as a whole are cited by re-
searchers in virtually all mature scientific nations in proportions greater than
the U.S. share of world output in chemistry, physics, biomedical research, and
clinical medicine. U.S. articles in the remaining fields tend to be cited at or
slightly below the U.S. share of world output.

Industrial firms are developing international alliances.

¢

Industrial firms are using global research partnerships as a means of
strengthening core competencies and expanding into technology fields
that are crucial to maintaining market share. Since the mid-1980s,
companies worldwide have entered into over 4,000 known multi-firm
alliances involving strategic technologies. More than one-third of these
were between U.S. firms and European or Japanese firms. Most of the
alliances were created to develop and share information technologies.

Foreign patenting activity demonstrates the global nature
of technology.

¢

Foreign patenting in the United States is also strong and highly concen-
trated by country of inventor. Five countries—Japan, Germany, France,
the United Kingdom, and Canada—accounted for 80 percent of foreign-
origin U.S. patents. Several newly industrialized economies, notably
Taiwan and South Korea, dramatically increased their patent activity in
the late 1980s and continue to do so.

Americans successfully patent their inventions around the world. U.S.
inventors received more patents than other foreign inventors in neigh-
boring countries—Canada and Mexico—and in distant markets such
as Japan, Hong Kong, Brazil, India, Malaysia, and Thailand.

Trends in royalties and fees indicate global flows
of technological know-how.

¢

The United States is a net exporter of technological know-how; royalties
and fees received from foreign firms have averaged three times those
paid to foreigners by U.S. firms for access to their technology. Japan is
the largest consumer of U.S. technology sold as intellectual property, and
South Korea is the second largest.

O

“The world is changing more quickly

than ever. Each of us sees the speed

and force of those changes around us
every day, in ways we perceive

as wondrous, elegant and profound —

even sometimes, a little overwhelming.”

RicHARD N. ZARE
CHAIRMAN

NATIONAL SCIENCE BOARD

O
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“A nation which depends upon others
for its basic scientific knowledge
will be slow in its industrial progress
and weak in its competitive position
in world trade, regardless

of its mechanical skill.”
VANNEVAR BUsH

O

Foreign direct investments in R&D are increasing and
demonstrate S&T globalization

¢

Substantial investment in R&D is made by U.S. firms abroad as well as
foreign firms in the United States. From 1985 to 1995, U.S. firms in-
creased their R&D investment abroad three times faster than their
company-funded R&D performed domestically.

R&D funding in the United States by foreign companies grew an
average of 12.5 percent per year from 1987 to 1995, even after adjusting
for inflation. Foreign-sourced R&D performed in the United States is
now roughly equivalent to U.S. companies’ R&D investments abroad.
More than 670 foreign-owned R&D facilities are located in the United
States.

Most of the foreign international investment in R&D flowing into the
United States is from Europe and Japan and is concentrated in the drugs
and medicines, industrial chemicals, and electrical equipment industries.

International trade in technology products is another
indicator of S&T globalization.

¢

The United States continues to be the leading producer of high-tech
products, responsible for about one-third of the world’s production of
such products. During the 1980s, Japan rapidly enhanced its stature in
high-tech fields, but by 1995, U.S. high-tech industries regained world
market share lost during the previous decade.

Between 1990 and 1995, three of the four science-based industries in the
United States that form the high-tech group—computers, pharmaceuti-
cals, and communications equipment—gained world market share.
Aerospace was the only U.S. high-tech industry to lose market share in
the 1990s. The U.S. trade surplus in software technology doubled, and
aerospace technologies produced large—albeit declining—trade surpluses
for the United States.
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Many countries are emphasizing science, math, and
engineering education as essential to achieving

economic and societal goals both now and in the 21st cen-
tury. There is an increasing realization of the importance of education and
knowledge to economic growth. Such education is seen as important not only
for researchers but also for a diverse, technologically literate workforce and
for an educated and informed citizenry. Examining, updating, and improving
the U.S. education system from K-12 through to graduate school is a major
national priority as we enter the next century. Concerns have been expressed
regarding the employment prospects of science and engineering graduates,
and universities are examining ways to make graduate education broader, more
flexible, and relevant to present and future economic demands. Current issues
include the role of the Federal Government in funding graduate education, the
further integration of research and education, and the importance of attracting
and retaining students from all backgrounds into science and engineering fields.
The following highlights provide some information on these topics.

Progress has been made in precollegiate math and
science education, but more needs to be done—
especially in mathematics.

¢ In national assessments of math and science learning, students are
performing as well as, if not better than, the students of 25 years ago.
Nine-year-olds and 13-year-olds are scoring higher on mathematics and
science tests than they did in 1973, while performance of 17-year-olds
has remained about the same.

4 Inthe United States, there is little difference in the mathematics and sci-
ence proficiency of girls compared with boys on national assessments of
education progress. As of 1996, however, large differences remain at all
grade levels in the achievement scores of black and Hispanic students as
compared with whites and Asians/Pacific Islanders. Native Americans
generally scored closer to the national average than did blacks or Hispan-
ics, but lower than whites.

¢ Ina 1995 international comparative study on mathematics and science
achievement, U.S. students performed comparatively better in science
than in mathematics and better at the fourth grade level than at the eighth
grade level.

¢ US. fourth graders were significantly surpassed in science performance
only by students in South Korea. Students in Japan, the Netherlands, Aus-
tralia and Austria also performed well at this level. U.S. eighth grade students
scored just above the international average in science, scoring lower than
students from Singapore, South Korea, Japan, and the Czech Republic.

O

“The path to any nation's scientific and
technological capability is an early,
strong, and continuous math
and science education for each and
every student. The earlier it begins
and the longer it lasts, the better

for the individual and the nation.”

NEAL LANE
DIRECTOR

NATIONAL SCIENCE FOUNDATION

O
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“Statistical thinking will one day
be as necessary for efficient citizenship

as the ability to read and write.”
H.G. WELLs

O

Unlike in science, performance in mathematics at the fourth grade level
in a 1995 international test showed U.S. students behind those of
Singapore, South Korea, Japan, and Hong Kong. U.S. eighth graders an-
swered just over half of the items on the mathematics assessment correctly
and scored below the international average. Eighth grade students in
Singapore, Japan, South Korea, Hong Kong, Flemish-speaking Belgium,
and the Czech Republic performed the best.

Since the early and mid-1980s, the proportion of students taking advanced
mathematics and science courses in high school has greatly increased.
These gains often include students from underrepresented groups. None-
theless, the achievement of U.S. students in mathematics has shown only
slight gains over time, and there remains a large proportion of students
unable to demonstrate anything more than basic levels of knowledge,
particularly at grade 12.

U.S. mathematics and science textbooks contain many more topics and
much repetition of material compared with those of other countries. In
addition, there is evidence that in the United States, eighth grade math-
ematics is pitched at a lower level than in higher achieving countries.
U.S. students are still working on “high-end” arithmetic while their peers
in other countries are studying algebra and geometry.

The vast majority of U.S. elementary school teachers earn college de-
grees in education rather than in specific disciplinary areas. High school
teachers are much more likely than middle or grade school teachers to
possess science and mathematics degrees. Teachers are also frequently
assigned to teach classes outside their fields, especially in middle school.
The problem is particularly acute in mathematics.

Students often need remedial math and science
preparation when entering higher education, but they are
succeeding in getting S&E degrees at all levels.

¢

As students enter college, problems in math and science preparation
are obvious. The percentage of freshmen reporting a need for remedial
work in math and science has remained high, particularly for women
and minorities. In 1995, of those freshmen planning to major in science
or engineering, over 16 percent of the males and over 26 percent of the
females thought they would need remedial work in mathematics. These
data are based on students’ self-evaluations and may also reflect various
levels of confidence.

Nevertheless, the number of earned bachelor’s degrees in S&E from
U.S. institutions has increased from over 307,000 in 1981 to 378,000 in
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1995. By the mid-1990s, more than 5 percent of the college-age
population had completed a bachelor’s degree in a field of natural
science or engineering (NS&E).

Enrollment in undergraduate programs by underrepresented minorities
has increased for over a decade, and this trend accelerated in the 1990s.
In 1995, however, only about 2 percent of black and Hispanic college-
age youth earned a bachelor’s degree in an NS&E field.

Total enrollment in U.S. graduate S&E programs grew for almost two
decades and has now begun to shrink. Graduate enrollments of foreign
students and white males have dropped. A long trend of steady
increases in the enrollment of full-time graduate students whose pri-
mary source of support was the Federal Government also ended in 1995.

At the master’s degree level, science and engineering overall showed a
great increase in the numbers of earned degrees throughout the 1980s,
with the trend becoming even stronger in the 1990s. The recent growth
is mainly in the social sciences and engineering, with relatively stable
numbers in the natural sciences, mathematics, and computer sciences.
The proportion of master’s degrees in S&E fields earned by women and
minorities has increased over the last two decades.

The number of doctoral degrees in engineering, mathematics, and com-
puter sciences doubled from 1985 to 1995. Much of this growth involved
foreign doctoral recipients; the number of doctoral degrees they earned
in S&E fields doubled from over 5,000 in 1986 to over 10,000 in 1995.

Increased attention is going to the extent to which
research and education are integrated and the role of the
Federal Government in supporting both R&D and
graduate students.

¢

The Federal Government is the main source of support for graduate stu-
dents via several support mechanisms. A majority of traineeships in both
private and public institutions (53 percent and 73 percent, respectively)
are financed primarily by the Federal Government, as are 60 percent of
the research assistantships in private institutions and 47 percent in pub-
lic institutions.

The prevalence of research assistantships as the primary mechanism of
support for full-time graduate students in science and engineering has
increased considerably. Research assistantships were the primary
support mechanism for 66 percent of the students whose primary source
of support was from the Federal Government in 1995, compared with 55
percent in 1980.

O

“Ignorance is the night of the mind,

a night without a moon or star.”
CoNFucIUs

O

O

“Perhaps the most profound discovery
of the 20th century is the
sudden confrontation with

the depths of our ignorance.”
Lewis THOMAS

O
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“There is no higher or
lower knowledge, but only one,

flowing out of experimentation.”
LEONARDO DA VINCI

O

O

“The value of achievement

lies in the achieving.”
ALBERT EINSTEIN

O

The National Institutes of Health and National Science Foundation are
the two federal agencies that have been the primary sources of support
for full-time S&E graduate students relying on research assistantships as
their primary support mechanism. Nonetheless, other agencies have vary-
ing and important impacts on graduate education in specific fields.

Research assistantships are more frequently identified as a primary mecha-
nism of support in the physical sciences, the environmental sciences, and
engineering than in other disciplines. They account for less than 20 per-
cent in all the social sciences, mathematics, and psychology.

Graduate education is being reexamined to determine its
appropriateness for labor force needs in the future.

¢

Although there were many changes in labor market conditions for
specific science and engineering fields, overall labor market condi-
tions were similar in 1993 and 1995. Overall unemployment rates for
science and engineering Ph.D.-holders were 1.6 percent and 1.5 per-
cent, respectively.

For recent Ph.D. graduates, the unemployment rate went from 1.7 to 1.9
percent. Only 2.4 percent of recent science and engineering Ph.D.
recipients reported working in a non-S&E job unrelated to their fields.

Measured by the percent reporting that they were involuntarily
working outside their fields (IOF rate), the disciplines where recent
Ph.D. graduates were having the most difficulties in 1995 were
political science (11.2 percent), mathematics (9.3 percent), sociology/
anthropology (9.1 percent), geosciences (6.8 percent), and physics (6.7
percent). Recent Ph.D. graduates in the biological sciences do very well
by this measure, with only a 2.8 percent IOF rate, but other measures
suggest a drop in the availability of tenure-track positions for recent
biological science graduates.

Most science and engineering Ph.D.s are currently employed outside of
academia. Looking at entire career histories, only a little over half of
scientists and engineers—even at the doctorate level—were employed in
academia at some point in their careers.

An estimated 26,900 Ph.D.s who earned their doctorates in the preceding
three years entered academic employment in 1995. But the meaning of
“academic employment” has changed for these young doctorate-holders.
Fewer than 45 percent had regular faculty appointments, compared with
over 75 percent in the early 1970s, while the proportion in postdoctorate
positions rose from 13 to 40 percent.
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Of scientists and engineers in postdoctorate positions in 1993, only 12.1
percent were in faculty positions in a tenure track in 1995; 41.6 percent
were still in postdoctorate appointments. Despite this, the length of time
being spent in postdoctorate positions appears only slightly greater than
that reported retrospectively by those currently in mid-career.

While most individuals in postdoctorate positions in 1995 reported
additional training and other customary reasons for accepting their
appointments, 17.1 percent said they were in a postdoctorate because
other employment was not available. This rises to 29.3 percent in geo-
sciences and 26.8 percent in physics.

S&E human capital development in the United States
continues to show significant unevenness across
socioeconomic groups.

¢

The number of women with doctorates in science and engineering who
held academic positions increased to 52,400 in 1995. This represented a
new high of 24 percent of total academic employment of these highly
trained personnel. Women remained highly concentrated in the life and
social sciences and psychology.

Minority S&E Ph.D. employment in academia continued to grow, reach-
ing 35,300 in 1995, but stayed at low levels for some groups. The 12,800
members of underrepresented groups—black, Hispanic, Native American,
and Alaskan Native—accounted for 6 percent of academic doctoral scien-
tists and engineers, up from 2 percent in 1973. Asian employment in 1995
stood at 22,500, 10 percent of the total, up from 4 percent in 1973.

Women and members of minority groups have tended to enter academic
employment at or above their share of recently awarded science and
engineering doctorates. Among recent Ph.D.s in academic employment
(those with doctorates awarded in the preceding three years) women and
underrepresented minorities were employed in rough proportion to their
share of newly awarded doctorates to U.S. citizens and permanent visa-
holders, Asians were represented well in excess of their share of new Ph.D.s
in science and engineering (although many of these are foreign-born).

In the overall S&E workforce, minorities, except for Asians, are still a
very small proportion of employed scientists and engineers in the United
States. Asians, with 4 percent of the U.S. population, represented 10 per-
cent of all S&E workers in 1995. Blacks and Hispanics were 3.4 percent
and 2.8 percent of the S&E workforce in 1995, well below their shares of
the U.S. population (12 percent and 9 percent respectively). Asians, 84
percent of whom are foreign-born, are the best represented minority group

O

“In the highly competitive, knowledge-
rich, information-intensive, global
economy, every individual, no matter
what gender, color of skin, or
disability, must be provided the
opportunity and indeed encouraged to
pursue their interests and to develop
their talents in science and technology
whether it be as a career choice or to
be able to exercise full citizenship
in the technology and information
age we have entered.

Our nation can no longer afford to
underinvest in their potential or to
have science and technology-illiterate

.o, . . . »”
citizens in its democracy.

JonN GIBBONS
DIRECTOR
OFFICE OF SCIENCE

AND TEcHNOLOGY PoLicy

O
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“I spend money on war because
it is necessary, but to spend it

on science, that is pleasant to me.”
Georae 111

O

in mathematics and computer sciences, physical sciences, life sciences,
and engineering, each at around 10 percent. The underrepresented
minorities—blacks, Hispanics, and Native Americans—are most likely
to enter social sciences and least likely to enter physical sciences.

he nation’s S&E enterprise is undergoing changes

in structure and priorities as we prepare to enter
the next century. Major changes are taking place in sector roles in the
funding of research and development. The proportion of the Nation’s R&D
funds provided by the Federal Government has decreased, but the role of the
Federal Government is still essential in the areas of basic research and educa-
tion. Priorities are changing, with defense R&D decreasing in importance and
life sciences and health receiving increased funding and attention. The indus-
trial sector provides a majority and increasing share of national funding for
research and development. This has implications for the character of activities
supported because industrial R&D is primarily concentrated in development
and applied research, rather than basic research. In many countries, direct
funding is supplemented by R&D tax credits and other indirect mechanisms.
Science and technology are increasingly linked, and the role of partnerships
and alliances has increased between sectors, within sectors, and internation-
ally. The service sector has a more important profile than in the past. Informa-
tion technologies are an important driver for the economy and are making an
economic and social impact that are just beginning to be understood.

R&D funding patterns have changed substantially.

4 R&D expenditures reached an estimated record-setting high of $206 bil-
lionin 1997. The rate of R&D investment in the mid-1990s was the highest
it has been since the early 1980s, a welcome contrast to the situation in
the early part of the decade, when increases in R&D spending failed to
keep pace with inflation.

4 Most of the R&D increases have been in the industrial sector. Industrial
firms now provide two out of every three of the nation’s R&D dollars
(an estimated $133.3 billion in 1997) and perform three-fourths of the
national R&D effort (an estimated $151.4 billion). The major part of
industrial R&D is development and applied research rather than basic
research.

¢ Total federal R&D obligations were an estimated $68.1 billion in
FY 1997, 12 percent below the 1989 level (in inflation-adjusted dollars).
The Federal Government has been steadily losing ground to industry as a
source of R&D funds. In 1997, federal agencies provided 30 percent of
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all R&D funds in the United States, down from 46 percent at the peak
during the defense buildup a decade ago. This decline seems to have
tapered off in the mid-1990s.

Much of this decrease is a result of defense downsizing as priorities
change, as well as attempts to control the budget deficit. The Department
of Defense (DOD) share of federal R&D spending has been declining
since the mid-1980s from its high of two-thirds of federal funds. In 1997,
for the first time since the early 1980s, DOD is expected to account for
less than half (48 percent) of the federal R&D total.

The decrease in defense funds is reflected in federal funding of industrial
R&D. Between 1987 and 1997, the federal share of total industry R&D
performance declined dramatically—from 32 percent down to an unprec-
edented 14 percent.

Growth in federal support of academic R&D has slowed.

¢

In 1997, an estimated $23.8 billion was spent for R&D at U.S. academic
institutions, representing 12 percent of the total national performance.
Academia, however, has a much larger role in basic research, performing
more than 50 percent of the nation’s effort. Academic R&D activities are
concentrated (67 percent) in basic research, with 25 percent in applied
research, and only 8 percent in development.

The majority of academic R&D expenditures in 1995 went to the life
sciences, which accounted for 55 percent of total academic R&D
expenditures. The next largest amount of academic R&D expenditures
was for engineering—16 percent in 1995.

The Federal Government continues to provide the majority (60 per-
cent) of funds for academic R&D. Academia has experienced a
slowdown in the annual rate of growth in federal support. The share of
federal funding has declined in each of the broad S&E fields since
1975. The largest decline in the share of federal funding occurred in
the social sciences, and the smallest declines were in computer sci-
ences and environmental sciences.

Federal agencies emphasize different S&E fields in the funding
portfolios of academic research, and changes in federal R&D fund-
ing by agencies can have varying impacts on R&D funding and
graduate education support in various fields. For example, changes
in federal funding for defense R&D have affected academic engineer-
ing and computer science funding.

O

“Since the war years, both Congress
and the different administrations
have shared the conviction that
support of research in the Nation's
universities and industries represented

an investment in the national future.”

D. ALLAN BROMLEY
ForMER DIRECTOR
OFFICE OF SCIENCE AND

TEcHNOLOGY PoLicy

O
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“Further increases in the rate
of international and intersectoral
cooperation in science and engineering
are not just desirable in the current

environment, they are absolutely vital.”

JoserH BORDOGNA
AcTING DEPUTY DIRECTOR

NATIONAL SCIENCE FOUNDATION

O

Links are increasing between industry and academia.

¢

Industrial support to academic R&D has grown more rapidly than
support from all other sources during the past two decades, but it still is
only a fraction (7 percent) of the total.

Industrial interaction with academia can be seen in more than just finan-
cial patterns. Coauthorship by industrial researchers has grown since the
1980s, and in particular with academia. Coauthorship between industrial
researchers with researchers outside their sector rose from 27 percent in
1981 to 50 percent in 1995; about two-thirds of these collaborations in-
volved academic researchers.

Industrial firms are using academic research in their patent applications.
The number of science article citations on U.S. patents increased from
8,600 in 1987 to 47,000 in 1996. The rise in citations held for all fields
and for papers from all sectors, with the fastest growth in citations to
biomedical research and clinical medicine.

Academic patenting, especially in the biomedical fields, has increased
rapidly. The number of academic patents, while small, increased more
than sevenfold in just over two decades, from 250 annually in the early
1970s to more than 1,800 in 1995.

The largest increases in industrial R&D are occurring in
the S&E-based industries.

¢

Companies classified in the electrical equipment industry experienced
the largest absolute increases and the highest percentage increases in
nonfederal R&D expenditures between 1991 and 1995. All of the in-
crease occurred in the electronic components segment, which had a
threefold increase in spending during this period.

Pharmaceutical companies’ R&D spending nearly tripled between 1985
and 1995. The most prominent trend in the drugs and medicines industry
has been the increase in importance of biotechnology research; more than
one-third of drug companies’ R&D projects are primarily biotechnology
related. In addition, the rapid growth of R&D dollars reflects the high
cost of research directed toward developing cures and treatments for
various diseases.

New funding mechanisms are gaining in prominence.

¢

Many countries have supplemented direct funding of R&D with fiscal
incentives to increase the overall level of R&D spending and to stimulate
industrial innovation. Almost all industrialized countries (including the
United States) allow industry R&D expenditures to be 100 percent
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deducted from taxable income in the year they are incurred, and half of
the countries (including the United States) provide some type of R&D
tax credit.

The pool of venture capital grew dramatically during the 1980s and
emerged as an important source of financing for small innovative firms.
Very little venture capital is actually disbursed to the “struggling
entrepreneur” as “seed” money. In 1995, seed money accounted for only
6 percent of all venture capital disbursements; money for company
expansion constituted 42 percent.

Cooperative R&D is now an important tool in the
development and leveraging of S&T resources.

¢

There has been a major upswing in the number of inter- and intra-sectoral
and international S&T partnerships since the early 1980s. The annual
number of new research joint ventures between firms has been growing,
with the largest increases occurring in 1995 and 1996.

Technology transfer activities became an important mission component
of federal laboratories in the late 1980s, and more than 3,500 new
cooperative research and development agreements (CRADAS) were en-
tered into between 1992 and 1995.

The service sector has increased in prominence, and
information technologies are believed to have contributed
to the country’s shift to a service economy.

¢

The nonmanufacturing sector now accounts for approximately one-quar-
ter of all R&D investment in the United States, considerably above the
proportion it held in earlier decades. This higher profile is largely
attributable to the growth of the information technologies (IT) and
communication industries.

An examination of employment patterns of scientists, engineers, and
technicians in a portion of the nonmanufacturing sector (wholesale and
retail trade, transportation, communications, and utilities) showed a
downturn in employment in 1994 from the peak in 1991. The commu-
nications industry was one of the few experiencing an increase in
employment of scientists and technicians between 1991 and 1994.

Employment in IT-producing industries is projected by the U.S. Bureau
of Labor Statistics to nearly double from 1986 to 2006. This expansion is
based almost entirely on expected growth in computer and data process-
ing services. However, employment in IT hardware industries has been
declining. Nevertheless, as the demand for IT jobs spreads to other in-
dustries, IT occupations are expected to double over the shorter period of

O

“Once experienced, the expansion
of personal intellectual power
made available by the computer

is not easily given up.”
SHEILA WIDNALL

O
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O

“The more one observes,
the more clearly does he see
that it is in the soil of pure science
that are found the origins of all
our modern industry and commerce.
In fact, our civilization is wholly

built upon our scientific discoveries.”
HerBERT HOOVER

O

1996-2006. Since exact projections are always difficult, this should be
taken as a general direction, not an exact level of employment.

In the United States, software companies attracted more venture
capital than any other technology area. In 1995, venture capital firms dis-
bursed a total of $3.9 billion, of which 20 percent went to firms developing
computer software or providing software services. Medical and health-
related companies were second with 14 percent. By comparison,
computer-related companies received just 7 percent of the venture capital
distributed in Europe in 1995 and 5 percent in 1996, and European biotech
firms received even less. European venture capital is primarily in indus-
tries such as machinery and equipment, fashion and leisure products.

Between 1990 and 1995, the U.S. trade surplus in software technology
doubled, and trade in computer-integrated manufacturing technologies
generated a sizable surplus. However, since 1992, the United States has
had trade deficits in three areas: opto-electronics, electronics, and com-
puters and telecommunications. Large trade deficits with several Asian
economies in these three advanced technology areas now exceed the trade
surpluses generated from trade with other countries.

Both South Korea and Taiwan continue to patent heavily in communica-
tion technologies and processes used to manufacture semiconductor
devices, dynamic and static information storage, and display systems,
among other technologies. Both are already major suppliers of comput-
ers and peripherals to the United States. These patent data show that they
continue to develop new technologies and improvements that will likely
support increased presence in the U.S. and global markets.
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cience and technology affect our daily lives in many

ways. The results of science and engineering findings surround us
at work and at home, but the social and economic effects are often difficult to
quantify and analyze. Scientific and technological literacy are important. Sci-
ence and technology skills are increasingly required in many jobs. There is an
increased emphasis on accountability and the importance of public under-
standing and awareness of science and technology. The public should be able
to understand the scientific process and be knowledgeable about science and
technology discoveries in order to participate more adequately in policy dis-
cussions. The information revolution is upon us and is exceedingly difficult to
track, let alone understand its myriad implications and effects—both positive
and negative. As we go into the next century, it is hard to visualize how our
lives will be changed.

Use of information technology is increasing in the
workplace, schools, and homes.

4 The real net computing capital stock in the private sector was $155.8
billion in 1995. In many industries, the number of employees who use a
computer at work is more than 50 percent; in the banking industry, it is
85 percent.

4 Several comprehensive studies using a variety of data and methods indi-
cate that there is an overall skill upgrading taking place in the labor force,
a trend attributed to the greater use of IT in many occupations. Along
with this increased use, the incidence of T-related injury and employee
surveillance in the workplace are on the rise, but the effects on individu-
als are uncertain.

4 Most Americans—57 percent—use a computer at home or at work. This
percentage has grown steadily during the last decade, and in 1997 fully
88 percent of college graduates in the United States indicated that they
used a computer at work or at home, compared with 60 percent of high
school graduates and 21 percent of individuals who did not complete
high school.

¢ Nearly 32 million Americans have access to a home computer that
includes a modem, and 18 percent of adults reported in 1997 that they
had used an on-line computer service during the preceding year. This is a
significant increase in home access to on-line resources since 1995.

4 Nearly two-thirds of Americans with graduate education or a professional
degree have a home computer with a modem, compared to 31 percent of
those with a high school degree. About 41 percent of Americans with a
graduate degree said that they use an on-line computer service compared
to only 17 percent of those with a high school degree.

O
“I cannot do it without counters.”

WILLIAM SHAKESPEARE

THE WINTER’S TALE, 1V, 111

O
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“If we fail to ensure that our children
have the technological resources
they need to compete in an
ever-changing information economy,

our nation will be poorer for it.”
VICE PRESIDENT ALBERT GORE, JR.

O

Approximately 16 percent of Americans reported having access to the
World Wide Web from their home computers in 1997, and 12 percent of
adults sampled—representing about 22 million people—indicated that
they had previously tried to find some specific item of information on
the Web. Around 6.5 million Americans said they had attempted to find
health-related information, and about 8.8 million tried to find some sci-
entific information (which would have included information about the
environment, space, or computers).

The use of, and access to, information technology in the classroom is
seen as an important (but not sufficient) tool to enhance education,
ensure equitable access, and develop computer skills for the overall
population. By 1992, 80 percent of all K-12 schools had 15 or more
microcomputers for instruction. In 1996, 85 percent of all schools had
access to multimedia computers, 65 percent had Internet access, and 19
percent had a satellite dish. Internet linkages are not necessarily widely
accessible within schools—in 1996, only 14 percent of instructional rooms
had an Internet hookup.

In fifth grade, more than half (58 percent) of the instructional use of
computers is for teaching academic subject matter. By 11th grade, less
than half (43 percent) of computer-based instruction is for content;
51 percent is for computer skills training. Meta-analysis of educational
studies conducted between the late 1960s and the late 1980s
consistently reveals positive effects of computer-based instruction at the
K-12level. Estimates of the order of magnitude vary, but one meta-analysis
of 40 studies estimated learning advantages that ranged from the equiva-
lent of one-third to one-half of a school year for K-6 education.

Questions have been raised over the cost effectiveness of computer-
based instruction relative to other forms of instruction. Additionally,
significant inequity exists in educational access to computers and the
Internet. Schools whose enrollments comprise primarily minority or
economically disadvantaged students have one-third to three times less
access to these technologies than do schools represented by white or
nondisadvantaged students.

Concerns about information privacy are growing larger and stronger.
Two-thirds of the public said that protecting consumer information
privacy was very important.
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The issues of accountability and communication with the
public are drawing increased emphasis.

¢

About one in five Americans think they are very well-informed about
new scientific discoveries and about the use of new inventions and
technologies. One in four Americans understands the nature of scientific
inquiry well enough to be able to make relatively informed judgments
about the scientific basis of results reported in the media.

In 1997, 75 percent of Americans believed that the benefits of scientific
research outweigh any present or potential harms. Despite their positive
views of scientific research, Americans are deeply divided over the de-
velopment and impact of several important technologies, including nuclear
power and genetic engineering.

American adults express a high level of interest in new scientific
discoveries and in the use of new inventions and technologies. The public
is interested in knowing what is happening in science and technology,
and the scientific community needs to communicate its work ever more
clearly and effectively.

O

“Public opinion is everything. With
public sentiment nothing can fail;

without it, nothing can succeed.”
ABRAHAM LINCOLN

O
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Highlights

INTERNATIONAL COMPARISONS

4 In a 1995 international comparative study on math-

ematics and science achievement, U.S. students per-
formed comparatively better in science than in math-
ematics and better at the fourth grade level than at the
eighth grade level. U.S. fourth graders were significantly
outperformed in science only by students in South Korea.
The United States performed least well, when compared
with other nations, in grade eight mathematics.

4 When compared with other countries, U.S. mathemat-

ics and science textbooks contain many more topics and
much repetition of material. For example, U.S. general
mathematics textbooks for eighth grade students contain
an average of 36 different topics, compared with 8 topics
in Japanese and 4.5 topics in German texts. In addition,
there is evidence that in the United States, eighth grade
mathematics is pitched at a lower level than in higher
achieving countries. While U.S. students are still working
on “high-end arithmetic,” their peers in other countries are
studying algebra and geometry.

CURRICULUM AND INSTRUCTION

¢ There have been large gains in the proportion of stu-

dents taking advanced mathematics and science courses
in high school since the early and mid-1980s—gains that
often include students from underrepresented groups.
In the class of 1994, close to 70 percent of students had
completed geometry, 58 percent completed algebra 2, and
9 percent took calculus. Over 90 percent of seniors com-
pleted biology, over half completed chemistry, and about
one-quarter took physics.

4 Internet access in schools has increased substantially

in recent years. As of fall 1996, 65 percent of public
schools reported access to the Internet, a gain of 30 per-
centage points over 1994 figures. Internet access was more
likely in secondary than in elementary schools, in more
affluent than less affluent schools, and in schools with low
to moderate minority enrollments than in schools with high
minority enrollments.

TEACHERS AND TEACHING

¢ The vast majority of elementary school teachers earn
college degrees in education rather than in specific
disciplinary areas. High school teachers were much

STUDENT PERFORMANCE

4 In national assessments of mathematics and science

learning, students are performing as well as—if not bet-
ter than—the students of 25 years ago. Nine-year-olds
and 13-year-olds scored higher on mathematics and sci-
ence tests in 1996 than they did in 1973, while perfor-
mance of 17-year-olds has remained about the same. How-
ever, little of the overall improvement in test scores that
occurred during this period has come about during the
1990s.

4 There is little evidence of a difference in the mathemat-

ics and science proficiency of girls compared with boys
on national assessments of educational progress. The slight
difference that has been identified is confined to students
in the 12th grade.

¢ As of 1996, large differences remain at all grade

levels in the achievement scores of black and His-
panic students as compared with whites and Asians/
Pacific Islanders. Native American students generally
scored closer to the national average than did blacks or
Hispanics.

more likely to possess science and mathematics degrees:
41 percent had earned a degree in mathematics, com-
pared with just 7 percent of middle school teachers. In
science, 63 percent of high school science teachers and
17 percent of middle school science teachers possessed
a science degree.

4 Many middle school mathematics and science teachers

fall short in meeting recommendations for coursework
preparation made by national associations of teachers.
Only 7 percent of middle school mathematics teachers have
taken courses in all of the recommended areas and about
one-third have completed none of the coursework recom-
mendations. Forty-two percent of middle school science
teachers meet the science recommendations in full.

4 All too frequently, teachers are assigned to teach classes

outside their fields. The problem is particularly acute in
mathematics. In the 1990/91 school year, 27 percent of
students in grades 7 through 12 had a mathematics teacher
without at least a minor in mathematics or mathematics
education. Out-of-field teaching is more common at middle
schools than high schools.
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Introduction
Chapter Background

Educators in elementary and secondary schools across the
nation are struggling to improve and redesign mathematics
and science education so that all students are well-prepared
for the beginning of a new millennium. Policymakers are con-
fronted with growing determination that a solid foundation
in mathematics, science, and technology is essential not only
to the economic but also to the social well-being of the na-
tion. Indeed, a task for today’s policymakers, parents, and
communities is to ensure that all students are graduated from
high school with a quality education that will enable them to
contribute productively to society. Toward this end, the United
States has set, as a matter of national policy, the goal of its
students being first in the world in mathematics and science
achievement by 2000.

However, national and international indicators of educa-
tional progress suggest that the country is still far from its
goal, despite a growing reform movement aimed at achieving
excellence and equity in education. Unresolved issues con-
cerning the performance of students and teachers, the quality
of instructional materials and teaching, and access to quality
education for all students are matters still very much at the
center of local, state, and national education agendas. Never-
theless, indications of forward movement abound: students
are taking more advanced courses in science and mathemat-
ics, teachers are more aware of the need to change their con-
ceptions of teaching and learning, and student achievement
in mathematics and science has largely returned to or exceeded
the levels set in the 1970s.

The spark for much of the current reforms came from early
work in setting standards performed by professional associa-
tions of mathematics and science educators. In mathematics,
the National Academy of Sciences laid out the broad outlines
of mathematics reform in Everybody Counts: A Report to the
Nation on the Future of Mathematics Education (MSEB
1989). The National Council of Teachers of Mathematics
(NCTM) followed with two reports that made more specific
recommendations—Curriculum and Evaluation Standards for
School Mathematics (NCTM 1989) and Professional Stan-
dards for Teaching Mathematics (NCTM 1991).

During this same period, consensus on new directions for
science education was beginning to develop, though actual
national standards were some years away. By 1993, the Ameri-
can Association for the Advancement of Science had issued
two publications, Science for All Americans (AAAS 1989)
and Benchmarks for Science Literacy (AAAS 1993), and the
National Science Teachers Association produced Scope, Se-
quence and Coordination of Secondary School Science
(NSTA 1992). These reports, as well as others, led to a na-
tional dialog on science standards resulting in the National
Academy of Sciences’ National Science Education Standards
(NRC 1996).

The standards for mathematics and science education share
many core ideas: high expectations for all students; in-depth
study and understanding of core concepts; emphasis on hands-

on tasks that promote active engagement with the subject
matter; and a strong focus on reasoning, problem solving,
and the ability to apply learning within broader contexts.

The standards in both subjects view teachers as the criti-
cal agents that enable students to meet these more demand-
ing levels of performance. However, a large proportion of
current mathematics and science teachers were trained when
conceptions of teaching and learning were very different from
today. Consequently, both sets of standards emphasize the im-
portance of professional development for teachers. Previously
offered as a sporadic set of brief workshops to train teachers
in specific skills, professional development is now portrayed
as a career-long process of continuously updating teachers’
mathematics and science knowledge and teaching skills (Dar-
ling-Hammond 1994a). And although some school systems,
schools, and teachers have begun to adopt practices consis-
tent with the standards, mathematics and science educators
recognize that full implementation of standards-based reform
will take much more time (Jones et al. 1992; Lindquist,
Dossey, and Mullis 1995; and NSF 1996).

Like professional development, equity remains an impor-
tant challenge for educational reformers in mathematics and
science education. At its base, equity means that each and
every student has access to quality education regardless of
background, race, ethnicity, or location. Some of the building
blocks for equity are:

¢ the necessary materials, funding, and resources for
standards-based learning to thrive in schools;

¢ fully qualified teachers who are knowledgeable about the
subjects they teach; and

4 appropriate instructional strategies, curricula, and tools for
assessing student performance (Darling-Hammond 1992).

One of the critical issues currently facing educators is
how to achieve equity and excellence amid the complexities
born of an increasingly diverse national makeup. Of the 45
million children enrolled in elementary and secondary
schools in 1994, approximately 15 million are ethnic or
racial minorities and 6 million come from homes where
English is not the primary language spoken (NCES 1996b).

There are still more challenges: how to make effective use
of the information technologies that are now commonplace
in homes and workplaces as tools for reforming education
and improving teaching and learning productivity; how to
ensure consistency in approach and quality among instruc-
tional materials, teaching, assessment of student learning, and
policies formed at district or state levels; and, finally, how to
continue learning how to improve—and what works and
doesn’t work in improving—the quality of education.

Clearly, the role education plays in our personal lives and
in the nation’s well-being has grown over the years. And the
challenges in mathematics and science education—and in all
school subjects, for that matter—are before us as educators,
students, parents, and community members. And although
these challenges may differ from those of years past, it is not
clear that there are necessarily more of them, nor is it certain
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that they are any more daunting than they once were. It may
be that we are more concerned and know more about math-
ematics, science, and technology education in this nation than
we did 20 or 30 years ago. As shown in this chapter, what is
certain is that we have a stronger research base and a deeper,
more far-reaching set of national and international indicators
of performance than ever before. (See “Measuring the Per-
formance of the Education System.”)

Chapter Organization

This chapter is organized into three main parts: first, a
detailed description of student achievement in mathematics
and science is provided; second, curriculum and instruction
are examined; and third, teachers and teaching are addressed.
These latter two parts are presented because they are the com-
ponents of the education process thought to have the greatest
direct influence on student achievement. The chapter con-
cludes with a summary of trends in these three areas and an
interpretation of what this may mean for educational progress.

Under the student achievement section, the performance
of U.S. students in both national and international contexts is
examined in order to address the following questions:

4 Have mathematics and science achievement in the United
States improved in the last decade or more?

¢ [s the achievement of all students, regardless of demo-
graphic group, improving?

¢ How have the coursetaking patterns of U.S. students
changed in the last decade and with what effects on
achievement?

4 How do U.S. students compare with students in other
nations in mathematics and science achievement?

The second major section of this chapter, on curriculum
and instruction, focuses on the following questions:

4 How do the mathematics and science curricula experienced
by U.S. students compare with curricula in other countries?

4 What are the similarities and differences in the instructional
practices and resources used in U.S. and other classrooms?

The third major section of the chapter examines the back-
ground of U.S. mathematics and science teachers in national
and international contexts. The discussion centers on these
questions:

4 Are teachers well-prepared for teaching mathematics
and science?

¢ What are teachers’ views about teaching mathematics
and science?

€ What effect is the standards-based reform movement
having on the profession of teaching?

Many national and international data sources—all based
on national probability samples—have been mined in writ-
ing this chapter. The first section of this chapter can be exam-

ined from a number of perspectives using a variety of data
sources. The discussion here draws on three primary sources:
the National Assessment of Educational Progress (NAEP),
the Third International Mathematics and Science Study
(TIMSS), and the High School Transcript Studies. NAEP is a
reliable indicator of achievement for U.S. students. Since the
early 1970s, NAEP has conducted trend assessments every
two years covering mathematics, science, reading, and more
recently, writing. These assessments draw on nationally rep-
resentative samples of 9- 13-, and 17- year-olds. To date, eight
trend assessments have been conducted in mathematics and
nine in science.

NAEP also conducts subject matter assessments periodi-
cally on a wider range of subjects including history, geogra-
phy, civics, computer competence, art, and music. Subjects
are covered on a rotating basis so that in one assessment, the
focus may be on mathematics and science, and in the next, on
history and social studies. These assessments draw on na-
tionally representative samples of students in grades 4, 8, and
12 rather than the age groups used in the trend studies. Items
in the periodic subject matter assessments are revised from
time to time to incorporate new assessment strategies and
reflect prevailing professional judgments about what students
in a particular grade should be learning. The items used in
trend assessments are fixed, so that performance in basic ar-
eas of skill and knowledge can be traced over time, even as
curriculum emphases change. Results of these two kinds of
NAEP assessments are not directly comparable because of
these sampling and content differences.

The second source of student performance data used in
this chapter, TIMSS, compares the mathematics and science
achievement of elementary and secondary students in the
United States with the achievement of students in other coun-
tries. TIMSS was conducted in 1994-95 by members of the
International Association for the Evaluation of Education. It
is the largest and most ambitious undertaking of its kind. Forty-
five nations took part in TIMSS at the middle school level
(seventh and eighth grades), and 27 at the elementary school
level (third and fourth grades).! Achievement data and back-
ground information were collected from students in each coun-
try. Teachers and principals supplied information about
instructional resources, practices, staffing, course content, and
views of mathematics and science teaching. Curriculum
guides and textbooks from 46 nations were analyzed to pro-
vide information on the content and skills students in differ-
ent countries are expected to learn in each grade. Mathematics
lessons were videotaped in a sample of eighth grade class-
rooms in the United States, Japan, and Germany to document
differences and similarities in the content presented and the
instructional approaches used.

TIMSS results have been published in several reports.
Results of curriculum studies are presented in three reports:
A Splintered Vision: An Investigation of U.S. Science and
Mathematics Education (Schmidt, McKnight, and Raizen

'At the time this chapter was written, 12th grade TIMSS results had not
been released.
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Measuring the Performance of the Education System

Few countries have a truly unitary national education system.
Many are aggregations of smaller (e.g., regional) subsystems co-
ordinated by an overall national entity. Most of the 49 countries
that participated in TIMSS, for example, have fewer than five sub-
systems. In the case of some nations—such as the United States—
these subsystems (i.e., states) are more or less autonomous, with
only indirect influence exercised at the national level (Schmidt,
Raizen et al. 1997).

Schmidt, Raizen et al. point out that policymaking is affected
by the degree of complexity within the national education system.
Countries with a unitary system can make policy about curricu-
Ium and decisions about system performance measurement with
greater ease than countries with more complex, decentralized sys-
tems (Schmidt, Raizen et al. 1997).

The U.S. educational “system,” then, is more accurately a
multiplicity of systems that can be described from numerous
perspectives. It is useful to keep various dimensions simulta-
neously in mind when thinking about how to measure its perfor-
mance. Decisions about learning practices are made and affected
by networks of practitioners, researchers, policymakers, parents,
and community and business leaders, as well as by students. De-
cisions about what to teach are reflected in curriculum frame-
works and materials, instructional practices, teachers’ professional
development, and student performance assessments. Decisions
about resource use are shared by several levels of government:
federal, state, and local—within which are school districts,
schools, grade levels, and classrooms—across a country of 268
million people.

The states are the primary agents of education as delegated by
the U.S. Constitution. However, a long tradition of local
decisionmaking authority about what and how to teach is distrib-
uted among parent and teacher groups and school boards for each
autonomous school district. No matter how the system is portrayed,
the difficulty in measuring it is based in its complexity—a web
spanning the nation woven within the boundaries of individual
states and communities in the form of people, places, behaviors,
and ideas.

Compared with countries around the world, the U.S. education
system is distinguished by its size, organization, and—above all
else—the diversity of the students it serves. In the 50 states and 11
territories, there are over 14,000 school districts and 87,000 public
schools (NCES 1996b).

While trends in student performance and coursetaking, char-
acteristics of curriculum and instruction, and preparation and quali-
fications of teachers may describe the condition of various elements
of the system, they do not necessarily encapsulate the performance
of the elements as they interact, work in tandem, or change across
the system. How much and in what direction the system compo-
nents move together (or co-vary), is an indicator of systemwide
change (Chubin 1997).

The demand is increasing for valid and reliable indicators in
accounting for the use of public resources and in sharing knowl-
edge with parents, educators, and policymakers.

Many of these “systemic” features are affective or qualitative,
such as system leadership, partnerships, alignment of policies and
practices, and student and teacher creativity. Such systemic quali-
ties have not yet been adequately operationalized into acceptable
indicators of a system’s performance.

Consistent with this systems notion, the Consortium for Policy
Research in Education has developed a potential model for evalu-
ating systemwide change in the context of a Philadelphia reform
project sponsored by a large collection of public and private funders.
The evaluators have created a scorecard that allows them to make
judgments about the degree of change across various elements of
the Philadelphia reform, thus enabling them to portray the move-
ment of the system as a whole (CPRE 1996).

New approaches to measurement and measurement tools will
be needed to investigate the synergy (or lack thereof) among sys-
tem components. What is needed are indicators of how these vari-
ous elements work together or apart, what factors characterize the
system, and what their effects are on student achievement. Indeed,
NSF has funded several research studies that support these new
measurement directions. One such study, performed by Cohen
and Hill (1997), has examined the interrelationship among teacher
professional development, the use of curriculum materials, and
the assessment of student performance in fourth and eighth grade
mathematics classes in the state of California. What they found
supports the power of measuring the combined effects of system
components.

Cohen and Hill found that teachers who participated in profes-
sional development based on curriculum materials relevant to re-
form goals were much more likely than other teachers to report
teaching practices aligned with these goals. Moreover, their re-
sults suggest that “when educational improvement is focused
on learning and teaching academic content, and when curricu-
lum for improving teaching overlaps with the curriculum and
assessment of students, teaching practice and student perfor-
mance are likely to improve” (Cohen and Hill 1997). In other
words, Cohen and Hill have begun to measure the synergy
among system elements as they relate to instructional materi-
als—and have found evidence that such synergy results in im-
proved student performance.

In general, the U.S. curriculum is not consistent with those of
other countries that performed well on the TIMSS assessment.
When compared with other countries, U.S. mathematics and sci-
ence curricula are less focused and include far more topics than is
common internationally. The topics—especially in mathematics—
tend to remain in the curriculum for more grade levels than is the
practice in other countries (Schmidt, McKnight, and Raizen 1997).

The Cohen and Hill study, TIMSS, and other studies supported by
NSF are indicative of the research that is needed to address systemic
issues. Indeed, much of the TIMSS data is yet to be analyzed, and the
richness of the study holds forth the promise of more lessons to be
learned. More research on systemwide change in larger and different
settings is needed to advance and refine these findings.

This chapter begins to move in the direction of examining sys-
tems, both national and statewide, of mathematics and science
education at the elementary and secondary level. The various mea-
sures of student performance, however imperfect, provide some
evidence of system outcomes. There are still many more indica-
tors to be developed that will aid local decisionmakers, state and
federal policymakers, educators, parents, and their community part-
ners. Although we do not yet have all of the desirable information,
we have much more than we once did, more in mathematics and
science than in other subject areas, and more at the elementary
and secondary levels than at the postsecondary level and beyond.
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1997) and two volumes—one for mathematics and one for
science—that present international comparisons, Many Vi-
sions, Many Aims (Schmidt, McKnight et al. 1997; and
Schmidt, Raizen et al. 1997). International achievement and
survey results are available in four volumes, one for each sub-
ject by grade (Beaton, Mullis et al. 1996; Beaton, Martin et
al. 1996; Martin et al. 1997; and Mullis et al. 1997). Results
from the survey of eighth grade U.S. teachers are presented
in Mathematics and Science in the Eighth Grade (Williams
et al. 1997). Syntheses of U.S. findings from component
TIMSS studies are published in two volumes of Pursuing Ex-
cellence, one for fourth grade (NCES 1997¢) and one for
eighth grade (NCES 1996c¢).

A third major source of information about student perfor-
mance is the 1994 High School Transcript Study, which is
based on the records of over 25,000 seniors who graduated
from high school that year. The transcript study reports infor-
mation such as the mean number of credits earned in each
subject field and the percentage of students earning a given
number of credits in particular subjects (NCES 1997¢).

The discussion of curriculum and instruction is based
largely on data from the TIMSS curriculum analyses, video
observational studies, and teacher questionnaires. The tech-
nology portion of this section is drawn from a recent survey
on the status of advanced telecommunications in public el-
ementary and secondary schools (NCES 1997a).

The third section of this chapter, on teachers and teaching,
is based on comparisons of data from the TIMSS teacher ques-
tionnaires with results from the National Survey of Science
and Mathematics Education (NSSME) conducted during the
1993/94 school year (Weiss, Matti, and Smith 1994). NSSME,
which was initiated in 1977 and updated in 1985, is one of
the most comprehensive sources of detailed information on
the preparation and classroom practices of mathematics and
science teachers. The discussion of teacher qualifications is
supplemented by data from questionnaires administered as
part of the 1993/94 Schools and Staffing Survey. (See NCES
1996a.) Information on teachers’ efforts to implement educa-
tional standards in their classrooms is drawn from a school
reform survey conducted in spring 1996 (NCES 19974d).

Student Achievement

Trends in U.S. mathematics and science achievement are
mixed, but somewhat positive on the whole. Students are more
often taking advanced courses in both subjects, and their per-
formance is slightly improved from, or no worse than, the
performance levels set in the 1970s. Larger shares of stu-
dents—including those from underrepresented racial and eth-
nic groups—are meeting basic levels of proficiency in both
subjects than in past years, although wide gaps in achieve-
ment remain between students from these groups as compared
with whites and Asians. (See “Do Policies and Socioeconomic
Factors Play a Role in Achievement?”)

Several studies have attributed differences in mathematics
and science achievement to the types of courses students com-

Do Policies and Socioeconomic
Factors Play a Role in
Achievement?

Performance differences among states may reflect
any number of factors, including differences in educa-
tional policy and in demographic characteristics. The
1996 Policies and Practices Survey, conducted by the
Council of Chief State School Officers, provides infor-
mation on several useful indicators of instructional qual-
ity: number of mathematics and science credits required
for graduation, status of standards implementation, and
requirements for teacher licensing (CCSSO 1996). An
examination of these variables revealed no systematic
patterns that might account for performance differences
among states.

In the area of social and economic factors, there are
suggestions from some studies that differences in “op-
portunity” may be linked to differences in student back-
ground and other socioeconomic variables. Several
studies have shown that poor and minority students are
more likely to attend schools with severely limited re-
sources and less well-prepared teachers, more likely to
be sorted into low academic tracks that limit their ac-
cess to advanced mathematics and science courses, and
less likely to attend schools that offer these advanced
courses (Oakes, Gamoran, and Page 1992).

Performance in mathematics and science may also
be influenced by other demographic characteristics such
as family background. A study that examined the rela-
tionship between increases in achievement and changes
in family characteristics in the 1980s found that gains
made by white students could be completely accounted
for by improved family circumstances over the years
examined, but only one-third of the gains made by black
students—and virtually none of the gains made by His-
panic students—were explained by these factors
(Grissmer et al. 1994).

plete (Jones et al. 1992 and Gamoran 1986). Acting on the
premise that more high-level courses will result in higher
achievement, many states and school districts raised gradua-
tion requirements in mathematics and science (as well as in
other core subjects) following publication of 4 Nation at Risk
by the National Commission on Excellence in Education
(1983). Two years before its release, only nine states required
two or more years of science and two or more years of math-
ematics. Fifteen years later, 42 states had put these stricter
graduation requirements into place (CCSSO 1996).
Comparisons of U.S. achievement with that of other coun-
tries provide another important perspective on how well stu-
dents and schools are performing. International comparisons
reveal that, although U.S. students are performing relatively
well in science compared with the rest of the world, there
remains much room for improvement in mathematics. The
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performance of students in high-scoring nations demonstrates
what is possible for students to achieve at the elementary,
middle, and high school levels in this or any country. And, in
so doing, student performance overseas provides information
educators and policymakers can use in setting appropriate poli-
cies, expectations, and goals. Unfortunately, there is no reli-
able way to determine if the U.S. standing has improved or
worsened in recent years. Comparisons with earlier assess-
ments cannot be made because of methodological differences
between the studies, differences in the content tested, and
changes in countries participating in these tests. (For further
information on performance assessments in general, see “As-
sessing Student Performance.”

Science Coursework

High school graduates in the 1990s are much more likely
to have completed advanced courses in the sciences such as
biology, chemistry, and physics. In 1994, 93 percent of gradu-
ates had taken biology compared with 77 percent of 1982
graduates. Similarly, more than half now take chemistry com-
pared with less than one-third in 1982, and one in four now
complete physics compared with about one in seven in 1982.
Although they remain a minuscule fraction of the total, the
proportion of students completing advanced placement
courses in these science subjects has also increased.

Female graduates are more likely to have taken biology
and chemistry in high school than male students, but less likely
to have taken physics. This represents a change in the
coursetaking patterns of young women as compared with
young men. In 1982, female graduates were about as likely
as males to have taken chemistry and substantially less likely
than males to have taken physics. (See figure 1-1.)

Students from racial and ethnic groups underrepresented
in science made substantial gains in the proportions taking
advanced science courses. More than 90 percent of blacks,
Hispanics, and Native Americans now complete high school
having taken biology. In chemistry, the proportion of blacks
completing the course doubled (from 22 to 44 percent), rates
for Hispanics nearly tripled (from 16 to 46 percent), and
completions by Native Americans rose by more than half (from
26 to 41 percent) between 1982 and 1994. Similarly, progress
was made in physics coursetaking between 1982 and 1994,
although the proportions of students from black and Hispanic
groups remain less than 20 percent. The proportion of blacks
taking physics almost doubled, and the percentage of His-
panics nearly tripled. No discernible increase in the propor-
tion of Native Americans completing physics was detected
over the 12-year period. All in all and despite the progress,
there remains a substantial gap in the proportions of blacks,
Hispanics, and Native Americans who take chemistry and
physics compared with Asian Americans/Pacific Islanders and
whites. (See figure 1-2.)

Figure 1-1.
Percentage of high school graduates earning
credits in selected science courses, by sex
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Science Proficiency

In the 1970s, science proficiency scores of elementary and
secondary students remained largely flat, but—beginning in
the mid-1980s—students began to show improvement. (See
figure 1-3.) By the mid-1990s, 9-year-olds and 13-year-olds
were scoring slightly higher than their counterparts of 1973,
and the scores of 17-year-olds had rebounded to the higher
1973 levels.

Of all school subjects, science in particular has been a stick-
ing point in comparisons of student performance between
sexes and among racial and ethnic groups. The underrepre-
sentation of women in the science, mathematics, and tech-
nology workplace makes sex-based achievement differences
a continuing concern among educators. However, national
assessments of educational progress reveal that there are no
real differences in science proficiency between 9-year-old girls
and boys. Thirteen- and 17-year-old boys edge out girls in
science performance, but this difference is small and has nar-
rowed for 17-year-olds since the early 1970s. (See appendix
table 1-3.)

Of much more compelling concern at the moment are the
racial and ethnic differences that remain in science achieve-
ment. The performance of black and Hispanic students at all
age groups was far below that of whites in 1996, as has been
the case for decades. And although the difference between
black and white students has declined for 9-year-olds and 13-
year-olds since the 1970s, the disparity for 17-year-olds re-
mains virtually unchanged. There has been no change in the
difference between Hispanic and white achievement at any
age. Average test scores of Native American students based
on a related 1996 science assessment were closer to the



1-8 ¢

Chapter 1. Elementary and Secondary Education

Figure 1-2.
Percentage of high school graduates earning
credits in science courses, by race/ethnicity
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national average than is the case for black and Hispanic stu-
dents. Lower achievement is thought to be one reason why
minority students make different elective course choices or
are screened out of opportunities for more advanced study in
science (Oakes 1990).

It is also useful to examine achievement differences across
states. Science proficiency was reported on a state-by-state
basis for the first time in 1996. (See “The Making of a New
Science Assessment.”) Figure 1-4 shows how eighth grade
students in each participating state compared to the national
average. In general, most of the high-scoring states were in

Figure 1-3.
National trends in average NAEP scale scores in
science at ages 9, 13, and 17
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NOTE: NAEP is the National Assessment of Educational Progress.
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the Central, Western, and New England regions of the coun-
try, while the majority of the lower performing states were in
the Southeast.?

Across states, racial and ethnic differences in science profi-
ciency were apparent, and these cross-state differences followed
many of the same patterns as overall state-by-state test score dif-
ferences. That is, students of all races and ethnicities tended to
score more highly in states with high overall science performance
than in states with consistently lower performance. However, the
magnitude of the difference in average scores varied to a surpris-
ing degree from one state to another. Average science scores for
Hispanic and black populations, for example, fluctuated enor-
mously across different states.

Black students scored below the national average in science in
all states. Blacks scored highest in Colorado, but this score was
not as high as even the lowest average for whites of any state. The
largest achievement gaps between black and white students were
in Wisconsin, Connecticut, and New York. With the exception of
New York, Hispanic students in states known for their large Latino
populations—California, Texas, Florida, and New York—achieved
the national overall average score for Hispanic science proficiency.

2States were classified as follows (Reese et al. 1997):

4 Northeast—Connecticut, Delaware, District of Columbia, Maine,
Maryland, Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, Vermont, and (Northern) Virginia;

¢ Southeast—Alabama, Arkansas, Florida, Georgia, Kentucky, Loui-
siana, Mississippi, North Carolina, South Carolina, Tennessee, (South-
ern) Virginia, and West Virginia;

4 Central—Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota,
Missouri, Nebraska, North Dakota, Ohio, South Dakota, and
Wisconsin; and

¢ West—Alaska, Arizona, California, Colorado, Hawaii, Idaho,
Montana, Nevada, New Mexico, Oklahoma, Oregon, Texas, Utah,
Washington, and Wyoming.
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The Making of a New Science Assessment

In 1996, in order to better measure the effects of cur-
rent approaches to science education, the U.S. Depart-
ment of Education made major changes to subject matter
assessment in science through its National Assessment
of Educational Progress. The new test represents a de-
parture from earlier ones both in the science that is tested
and in the way it is tested. First, factual knowledge is
assessed within meaningful scientific contexts. Second,
level of performance depends not only on knowledge of
facts, but also on the ability of students to integrate this
information into a larger body of knowledge, and the
capacity of students to use the reasoning processes of
science to develop their understanding of the natural
world.

The 1996 assessment used a variety of methods for
measuring student performance:

4 multiple-choice questions that assess students’ knowl-
edge of important facts and concepts and that probe
their analytical reasoning skills;

Figure 1-4.

4 written response questions that explore students’
abilities to explain, integrate, apply, reason about, and
communicate scientific information; and

4 hands-on tasks that measure students’ abilities to make
observations, perform investigations, evaluate experi-
mental results, and apply problem-solving skills.

The framework from which the assessment was con-
structed was developed through a consensus process that
brought together science teachers, curriculum experts,
other educators, policymakers, members of the business
community, and the general public. The framework divides
science into three major fields: earth, physical, and life
sciences. It also assesses such mental processes important
for scientific thinking as conceptual understanding, prac-
tical reasoning, and investigation by experimentation.

Although the changes introduced in 1996 mark a
meaningful and rich new source of information on stu-
dent performance, comparisons cannot be made with
results of earlier assessments. Consequently, this chap-
ter relies on the NAEP trend assessments in science in
making comparisons of student performance over time.

NAEP grade 8 average scale scores in science, by state: 1996
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Assessing Student Performance

Assessment—in the educational context—is the process
of gathering evidence about a student’s knowledge of, ability
to use, and disposition toward some subject matter with the
purpose of making inferences from that evidence for a vari-
ety of ends. A test is a measuring instrument for evaluating
and documenting those outcomes. Simple enough to describe,
assessments are not simple to devise nor have they proven
easy to integrate effectively within the instructional programs
of large education systems. At their conceptual base, assess-
ments are a complex endeavor and the inferences that can be
made from them for individual students, teachers, schools, as
well as whole educational systems need to be considered with
numerous caveats.

There are differences of opinion among educators, re-
searchers, and policymakers about the design and use of stan-
dardized and performance-based assessments.

Traditional standardized tests—usually of the short an-
swer variety that are administered, scored, and interpreted
in a consistent manner wherever and to whomever given—
are the tests that are most often now in place in states and at
the national level. But they do not necessarily measure well
those aspects of learning such as creativity, deep conceptual
understanding, and the ability to apply learning in a number
of contexts deemed important or appropriate by many of
today’s educators. Traditional tests of student performance
(answering a question with a single correct short answer)
are an efficient method to assess large numbers of students
at low cost. However, traditional, norm-referenced, multiple-
choice tests are criticized for not adequately measuring com-
plex cognitive and performance abilities. Moreover, they
have often been used to limit students’ access to further learn-
ing opportunities (Darling-Hammond 1991, Glaser 1990,
and Oakes 1985).

There are a variety of classroom, school and school dis-
trict, state, and national tests used for numerous purposes.
Their assessment functions include the following:

1. To make decisions about the performance of individual
students and comparisons among students.

¢ To determine the level or degree of attainment in
a specific content area or in a body of content, as a

Notwithstanding the substantial cultural differences and varia-
tions in geographic settling patterns across these states and within
the U.S. Hispanic population, it was most often in Southeastern
states that Hispanic student achievement lagged farthest behind.
The largest differences between averages for Hispanics and
whites were found in Connecticut, New York, and four
Southeastern states. (See appendix table 1-4 for science achieve-
ment scores for Asians/Pacific Islanders and Native Americans.)

diagnosis of individual strengths and weaknesses in
a content area, and as a readiness indicator to deter-
mine if an individual has attained the requisite
levels of understanding deemed necessary for con-
tinued study in a given content area (Bresica and
Fortune 1988).

4 To make decisions about student promotion from
grade to grade, placement in remedial or advanced
level course tracks and for graduation from one edu-
cational level to the next (Madaus and Tan 1993).

2. To improve instruction and learning outcomes for students
and to inform students, parents, and teachers about stu-
dent, classroom, school, or district progress over time

(Madaus and Tan 1993).

3. To hold educational systems accountable for perfor-
mance, to make statewide decisions about the alloca-
tion of educational resources and interventions, and to
assist policymakers and researchers in making evalua-
tive judgments about the performance of existing edu-
cational programs and practices or the need for new
ones (Madaus and Tan 1993).

The National Assessment of Educational Progress has been
conducted in mathematics and science learning since the late
1960s and early 1970s. NAEP uses a formal, systematic pro-
cedure to obtain a sample of students’ knowledge over time
and to make generalizations about how student populations
are performing. NAEP has attempted to add performance
items to its assessment approach in order to assist in measur-
ing not only students’ knowledge of mathematics and sci-
ence, but also their ability to apply that knowledge and to
articulate various aspects of problem solving.

Numerous alternative assessment experiments are being
implemented and debated in schools and communities across
the nation. Different testing alternatives include performance
tasks, open-ended questions, portfolios, observation, and stu-
dent journal writing and self-assessment.

In recent years there has been a conceptual shift in some
research and policy circles as to what constitutes “good” as-
sessments of achievement. Some current trends in measuring
and analyzing student performance include:

U.S. Science Proficiency in an
International Context

In the recent international comparative study on mathemat-
ics and science achievement (TIMSS), U.S. students
performed better in science than in mathematics and better at
the fourth grade than at the eighth grade level. U.S. fourth
graders performed very well on the science assessment—they
answered 66 percent of the science items correctly (compared
with the international average of 59 percent). The only nation
to score significantly higher was South Korea. (See figure
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4 greater emphasis on assessing higher order think-
ing skills and processes;

4 comparing student performance with established
standards;

4 making the assessment process public, participatory,
and dynamic and including students as active
participants in the assessment process;

4 ensuring that all students have the opportunity to
achieve their potential;

4 aligning assessment with curriculum and instruc-
tion and other policies and practices;

4 making inferences and/or judgments based on
multiple sources of evidence; and

4 viewing assessment as continual and recursive.

Research findings suggest that achievement tests of any
kind are not a good predictor of success. Many forms of bias
affect performance on tests: the choice of items, responses
deemed appropriate, and the content selected are the product
of culturally and contextually determined judgments (Garcia
and Pearson in press, Gardner 1983, and Sternberg 1985).

The factors that influence test scores (e.g., opportuni-
ties to learn, poverty and social class, test motivation and
testing skills, language ability, and educational experi-
ences outside of the classroom) are well-documented.
These factors sometimes occur jointly—sometimes at
different times—in the test-taking process, making it
impossible to track each systematically. As Oakes et al.
(1990) point out, although individual effects can be iden-
tified for both race and social class, for example, it is the
combination of the two—their multiplicative power—that
needs to be examined and measured. But new forms of
assessment do not themselves remedy these socioeco-
nomic complexities.

Darling-Hammond (1994b) argues that changing test
forms and formats without changing the ways in which as-
sessments are used will not change the outcomes of educa-
tion. The equitable use of performance assessments depends
on both the designs of the tests themselves and how well the

1-5.) In addition, U.S. fourth graders earned scores higher
than the international average in all four science content
areas: earth science, life science, physical science, and envi-
ronmental issues/nature of science. (See appendix table 1-5.)

U.S. eighth grade students performed less well relative to
other countries in science than fourth graders, scoring just
above the international average. Eighth graders in the United
States answered 58 percent of the science items correctly,
compared with an international average of 56 percent. (See
figure 1-6.) Like U.S. fourth graders, scores of U.S. eighth
grade students exceeded the international average in all sci-

assessment practices are interwoven with the progress of
school reform and the improvement of teaching.

However, an assessment that attempts to perform too
many functions will inevitably do none well. Some func-
tions must be passed over in favor of others, and it is at
this point that the test development process can become
roiled in miscommunication. It is vital to delineate appro-
priate roles—student diagnosis, curriculum planning, pro-
gram evaluation, instructional improvement, accountability,
and certification—for different assessments (Linn and
Herman 1997). And importantly, whatever test is created
must be credible in the eyes of the public.

In analyzing test results, their meaning must not be mis-
understood. For example, the results of a test given at various
grade levels should not be interpreted as if they were an as-
sessment of the progress of the same students over time (i.e.,
longitudinal). The results of annual achievement data reflect
a (cross-sectional) snapshot of progress at that given time.
The tests administered as part of TIMSS provide rich infor-
mation about the performance of U.S. students compared to
those of other countries in mathematics and science, and pro-
vide connections for understanding performance within the
context of curriculum and instruction at specific grade levels.
However, TIMSS data are not longitudinal in nature, mean-
ing that the same students are not being tested in the fourth
grade and then, four years later, in the eighth.

Much more research is needed on the fairness and va-
lidity of new modes of assessment. In addition to these
concerns, investigations into the effects of aligning assess-
ments with rigorous standards for student achievement
would benefit a multitude of local, state, and federal audi-
ences. Nonetheless, it is not only the form of the tests that
is important in determining the impact of an assessment
program on students, teachers, and schools; it is the use to
which the results are put (Messick 1989).

This discussion concentrates heavily on various concerns
regarding the measurement of achievement at the elementary
and secondary levels, where at least some actions have been
taken to assess performance; this is in contrast to the
postsecondary level, where gaps remain.

ence content areas: earth science, life science, physics, chem-
istry, and environmental issues/nature of science. (See ap-
pendix table 1-6.)

In the United States, boys scored slightly higher than girls
in science at the fourth grade, but there was no difference
between the sexes at the eighth grade. In other countries that
participated in the study, boys outperformed girls in science
in 40 percent of the countries at the fourth grade and in al-
most half of the countries at the eighth grade. (See appendix
table 1-7.)
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Figure 1-5.
Average percentage correct on grade 4 TIMSS
science assessment, by country: 1994-95
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Mathematics Coursework

U.S. students are now much more likely to have taken ad-
vanced mathematics courses in high school than they were in
years past. In 1994, close to 70 percent of seniors had com-
pleted geometry, 58 percent had completed algebra 2, and 9
percent had completed calculus.®> These figures represent a
more than 20-point gain in the percentage of students taking

3Studies of high school transcripts may underestimate completion rates
for algebra 1 (a prerequisite for geometry) because many college-bound stu-
dents take algebra in eighth grade.

Figure 1-6.

Average percentage correct on grade 8 TIMSS
science assessment, by country: 1994-95
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algebra 2 and geometry, and about a 5-point increase in cal-
culus since 1982. High school females are now more likely
than males to have taken geometry and algebra 2, and about
as likely to have completed calculus. (See figure 1-7.)

There remain substantial disparities across racial and eth-
nic groups in advanced mathematics coursetaking. This gap
is apparent in geometry and algebra 2 as well as in the most
advanced courses in the college preparatory sequence. In cal-
culus, about one-quarter of Asian Americans/Pacific Island-
ers completed the course compared with about 10 percent of
whites, 6 percent of Hispanics, and 4 percent each of blacks
and Native Americans.

However, despite the unequal enrollments, progress has
been made in the proportion of students in all racial and eth-
nic groups taking advanced mathematics. Half or more of
white, Hispanic, and Asian American/Pacific Islander students
in the class of 1994 completed algebra 2 and geometry, the so-
called gatekeeper courses for advanced study in mathematics
and science. Large gains were made in groups underrepresented
in mathematics between 1982 and 1994. The proportion of
black students taking geometry increased from 29 to 58 per-
cent between 1982 and 1994. The proportion of Hispanics
went from 26 to 69 percent, and the fraction of Native Ameri-
cans taking geometry rose from 34 to 60 percent over the
period. These groups also experienced 20 to 30 percentage
point gains in algebra 2. (See figure 1-8.)

Mathematics Proficiency

Mathematics performance of U.S. students remained fairly
stable during the 1970s and began to improve in the 1980s.
The most recent assessments indicate small but significant
gains for 9-year-olds and 13-year-olds through 1996. (See

Figure 1-7.
Percentage of high school graduates earning
credits in selected mathematics courses, by sex
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Figure 1-8.
Percentage of high school graduates earning
credits in mathematics courses, by race/ethnicity
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figure 1-9.) On the other hand, performance of 17-year-olds
remains at the 1973 level after recovering from a slight dip in
the 1980s.*

Although the achievement of U.S. students in mathematics
has shown slight gains over time, there remains a large propor-
tion of students unable to demonstrate anything more than ba-
sic levels of knowledge (often associated with NAEP’s level 2
performance). (See “The Making of a New Mathematics As-
sessment.”) This is particularly true at grade 12 where just one
in six students performed at or above level 3 (level 4 being the
highest). At grades 4 and 8, respectively, approximately one in

“Detailed descriptions of trends can be found in Campbell et al. (1996).
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The Making of a New
Mathematics Assessment

National Assessment for Educational Progress tests
in 1990, 1992, and 1996 differed markedly from earlier
assessments in that they were designed to reflect the
relatively new content and teaching standards published
by the National Council of Teachers of Mathematics
(NCTM 1989 and 1991). These newer assessments in-
cluded questions from the five core content areas de-
fined by the mathematics standards:

4 number sense, properties, and operations;

4 measurement;

4 data analysis, statistics, and probability; and
4 algebra and functions.

The 1990, 1992, and 1996 mathematics assessments
also attempt to measure students’ cognitive abilities such
as those emphasized in the standards: reasoning, prob-
lem solving, and communicating with and about math-
ematics.

At the same time that standards-based assessments
were being developed, efforts were made to associate
numerical scores on the test with descriptive labels and
definitions that capture the levels of knowledge and skill
demonstrated by students’ overall responses to test
items. Results from the 1990 assessment placed per-
formance on a continuum that ranged from knowledge
of “simple arithmetic facts” at the low end to knowl-
edge of “multistep problem solving and algebra” at the
high end. Results from the 1992 and 1996 NAEPs were
reported at one of four proficiency levels that ranged
from “below basic” to “advanced.” The value and va-
lidity of these proficiency levels have been matters of
debate since their introduction (U.S. GAO 1993). To
permit comparability with reported results without con-
veying judgments about the capabilities a particular
score represents, this chapter reports performance lev-
els simply designated as levels 1 to 4. These levels cor-
respond numerically to the score ranges used in 1990
and 1992 mathematics assessment reports. (See appen-
dix table 1-10.)

five and one in four students performed at this level. Despite
the disappointing news, this is an improvement from 1990 when
substantially fewer students demonstrated level 3 performance.

However, considerable progress has been made in the 1990s
in the proportion of students performing at least at level 2.
Between 62 and 69 percent—depending on grade level—of
students in 1996 were able to perform the more basic levels of
mathematics, compared with 52 to 58 percent in 1990. (See
figure 1-10.)

In 1996, there were no substantial differences between the
proportions of male and female students performing at or above

Figure 1-9.
National trends in average NAEP scale scores
in mathematics at ages 9, 13, and 17
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Figure 1-10.
Percentage of students at or above levels 2 and
3 on NAEP mathematics assessments, by grade
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level 2 in mathematics at any grade level. A slightly higher
proportion of males than females demonstrated the more ad-
vanced performance (level 3) in 4th and 12th grades, but not in
8th grade. (See appendix table 1-10.)

As in science, differences in the mathematics achievement
across racial and ethnic groups have followed a consistent pat-
tern over the years: white and Asian American/Pacific Islander
students generally achieve at significantly higher levels than
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do black, Hispanic, and Native American students. Despite some
gains between 1990 and 1996, the proportion of black, His-
panic, and Native American students who performed at level 2
or above lagged far behind that of whites and Asian/Pacific
Islanders. There were about 40 points between the percentage
of white students at level 2 and the percentage of black stu-
dents, about a 30-point lag for Hispanics, and about 20 points
for Native Americans. (See appendix table 1-10.)

Larger proportions of white students in all three grades
were performing at or above levels 2 and 3 at the end of the
six-year period of the assessment than they were in 1990. The
percentage of black fourth graders who performed at level 2
or above increased by 13 points between 1990 and 1996. His-
panic and Native American students showed no statistically
significant improvement at any grade or at any level of profi-
ciency during that period.

Also between 1990 and 1996, there has been a striking
rise in the number of states where 50 percent or more of
eighth grade students scored at or above level 2 mathematics
proficiency.’ In 1996, of the 40 states participating in the
state-by-state analysis, only students in Alabama, Louisiana,
Mississippi, and South Carolina failed to meet this perfor-
mance criterion. In comparison, in 1992, only 23 of 35 states,
and just half of 1990 participating states, could claim 50 per-
cent or more of their students at or above level 2 performance.
(See figure 1-11.) However, there were large differences
among racial and ethnic groups across states in meeting the
50 percent criterion. In 1996, half or more of white eighth
graders in all states achieved level 2 performance; only in
Iowa, Montana, and North Dakota did half or more of
Hispanic eighth grade students meet the basic level of profi-
ciency; in no state did half or more of black students
perform at this level.®

Studies suggest that state economic conditions play some
part in mathematics achievement, although a direct and power-
ful relationship has not been identified. Four states in which
less than half of eighth graders functioned at or above level 2 in
mathematics (Alabama, Louisiana, Mississippi, and South Caro-
lina) were compared with the six states in which three-quarters
or more of students achieved at this level. Comparisons were
based on three key variables: poverty rate, educational expendi-
ture, and the percentage of minority students in each state. Com-
parisons suggest an association between these indicators and
mathematics performance. (See text table 1-1.)

4 In low-performing states, the poverty index ranged from
19 to 37 percent, and in high-performing states, from 10
to 14 percent.

4 In low-performing states, average per student spending on
education ranged from $3,660 in Mississippi to $4,761 in

Because only eighth grade students participated in all three of these as-
sessments, only their performance is considered in these comparisons.

“Because sample sizes for Native American and Asian/Pacific Islander
students were too small in most states to provide reliable estimates of profi-
ciency levels, these comparisons are not made here but can be found in ap-
pendix table 1-11.

South Carolina; in high-performing states, the range was
$4,674 in North Dakota to $6,069 in Maine.”

¢ All four of the low-performing states included much larger
percentages of minority students (from 40 to 49 percent)
than did high-performing states (from 9 to 17 percent).

U.S. Mathematics Proficiency in an
International Context

As in science, performance in mathematics of U.S. fourth
grade students in the1995 TIMSS study was comparatively bet-
ter than eighth grade performance, averaging 63 percent of items
correctly answered compared with 59 percent internationally.
(See figure 1-12.) But, unlike in science, U.S. mathematics per-
formance at fourth grade was far behind that of Singapore, South
Korea, Japan, and Hong Kong—whose fourth grade students
averaged 73 to 76 percent correct—and a host of other coun-
tries. (See figure 1-13.) U.S. eighth graders answered just over
half of the items on the mathematics assessment correctly. This
was below the international average of 55 percent correct, and
students in the highest performing nations—Singapore, South
Korea, Japan, Hong Kong, and Flemish-speaking Belgium—
averaged 65 percent correct or higher. In most countries—in-
cluding the United States—there were no differences between
the sexes in mathematics performance at the fourth or eighth
grade. (See “Mathematics and Science Achievement of the High-
est Performers” and appendix table 1-14.)

"These figures are not adjusted for differences in cost of living among
states.

Mathematics and Science
Achievement of the Highest
Performers

Achievement can also be evaluated by comparing
the top students in different nations. Often, the com-
parison is based on the proportion of each nation’s stu-
dents scoring in the top 10 percent of the international
distribution. As would be expected on the basis of find-
ings already presented, proportionately more students
from Singapore, South Korea, and Japan came out on
top in both subjects and at both the fourth and eighth
grade levels. For example, at the eighth grade level, 45
percent of the students from Singapore scored in the
top 10 percent of the international mathematics distri-
bution and 31 percent scored at the top of the science
distribution. A smaller percentage of U.S.
students made the top cut. In science, 13 percent of
eighth grade students and 16 percent of fourth grade
students scored in the top 10 percent of their respective
international distributions. In mathematics, only 5 per-
cent of U.S. students in eighth grade and 9 percent of
students in fourth grade reached the top 10 percent in-
ternational benchmark. (See appendix table 1-15.)
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Figure 1-11.

NAEP grade 8 average scale scores in mathematics, by state

NOTE: NAEP is the National Assessment of Educational Progress.
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Text table 1-1.
Selected characteristics of low- and high-performing states
on the mathematics National Assessment of Educational Progress: 1996
Percentage of Percentage of 5- Per pupil Percentage
students at or to 17-year-olds educational of minority

State above level 2 in poverty expenditures ($) students
National total ..............cccooooi e, 61 20.1 5,767 31
Low-performing states
AlaDaMA ... s 45 19.5 4,037 40
Louisiana... 38 36.8 4,519 45
Mississippi ... 36 28.2 3,660 51
South CaroliNg ......ccccccuieieee e 48 18.7 4,761 49
High-performing states
JOWE ettt 78 13.5 5,288 9

77 9.6 6,069 7
MiINNESOLA .....coiiiiiiiiiei e 75 13.7 5,720 14
Montana .......cooeeieeeieeeeee s 75 12.3 5,598 17
NEbraska ........ooovieeiieeieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeee e 76 12.5 5,651 15
NOIh DaKOta ....ccveeiuieiieeiieciteeie et 77 11.6 4,674 9

SOURCES: C. O’Sullivan, C. Reese, and J. Mazzeo, NAEP 1996 Science Report Card for the Nation and the States (Washington, DC: National Center for
Education Statistics, 1997); C. Reese, K. Miller, J. Mazzeo, and J. Dossey, NAEP 1996 Mathematics Report Card for the Nation and the States (Washington,
DC: National Center for Education Statistics, 1997); and National Center for Education Statistics, Digest of Educational Statistics 1996, NCES 96-133,

(Washington, DC: U.S. Government Printing Office, 1996), table 165.

The performance of students varied over mathematics con-
tent areas both within and among countries.® In fourth grade
mathematics, U.S. students performed at or above the interna-
tional average in all areas except measurement. (See appendix
table 1-12.) U.S. eighth grade students performed best on alge-
bra, fractions, and data representation/analysis, where perfor-
mance was on a par with international averages. They did less
well on proportionality, geometry, and measurement. (See ap-
pendix table 1-13.)

Curriculum and Instruction

When student assessments reveal differences in performance
across nations or states or within population groups of the mag-
nitude that they have displayed in the assessments analyzed here,
there is a compelling policy need to explore the sources of these
disparities. A better understanding of why some groups of stu-
dents perform well in mathematics and science while others do
not can help educators and policymakers in deciding which fac-
ets of the education system require more or less attention.

Many recent analyses have focused on differences in the edu-
cational experiences of students. The Third International Math-
ematics and Science Study provides more comprehensive
information on the educational experiences of students than any
international (and many national) studies conducted to date.
Within this large-scale study, a curriculum analysis provides coun-
try profiles of the mathematics and science that students are ex-

8Items and topics in the assessment were grade-specific. For example, the
fourth grade test focused on whole numbers with a limited number of ques-
tions on fractions. The eighth grade test focused on rational numbers (frac-
tions and decimals)

Science & Engineering Indicators — 1998

pected to learn at each grade.’ Student and teacher surveys pro-
vide information on the subject matter content and activities that
make up a lesson; and a video study (for the United States, Ger-
many, and Japan) provides observational information on what
actually takes place in a sample of eighth grade mathematics
classrooms.

Mathematics Curricula

In most countries, curricula focus on a limited number of
topics at each grade. Each topic is introduced in the grade
sequence and continues until a point when it is discontinued
in favor of a new topic. In contrast, U.S. curricula follow a
spiral approach: a topic is introduced in its simplest terms in
early grades and continues in more advanced forms into later
grades. Topics thus “spiral” throughout the curriculum—in
theory, providing greater depth, elaboration, and complexity
at each appearance. Three central ideas underlie the U.S. ap-
proach. First, content is more easily mastered when broken
into “bite-sized” pieces. Second, the pieces are best learned
when presented in order of difficulty and complexity. Third,
students must master each piece before moving on to the next.

However, this approach when put into actual practice has
important consequences for learning and instruction that are
not always consistent with the theory. The U.S. curricula in-
clude a great deal of repetition over grades, and despite the
intent to present new aspects of a topic at each appearance,

“Details of the curriculum study’s methodology and findings are presented
in Schmidt, McKnight, and Raizen (1997) and in two companion volumes
(Schmidt, McKnight et al. 1997 and Schmidt, Raizen et al. 1997)—one for
science and one for mathematics—written by these and other members of
the TIMSS research team.
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Figure 1-12.
Average percentage correct on grade 4 TIMSS
mathematics assessment, by country: 1994-95
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much of the information seems to get rehashed from previ-
ous levels. On average, topics remain in the mathematics cur-
riculum as a whole two years longer than is the norm
internationally. And the curriculum includes a large number
of topics since few are dropped as others are added. On aver-
age, the U.S. mathematics curriculum covers more topics than
are covered in 75 percent of countries that participated in the
1995 international study.

Analyses of topics covered at various grade levels in
mathematics textbooks across the world illustrate this
point. At fourth grade, the five most emphasized math-

Figure 1-13.

Average percentage correct on grade 8 TIMSS
mathematics assessment, by country: 1994-95
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ematics topics accounted for 60 percent of page space in
U.S. textbooks but over 85 percent internationally. In
eighth grade mathematics, the five most emphasized top-
ics in U.S. (nonalgebra) texts accounted for less than 50
percent of total coverage, compared with 75 percent in-
ternationally.!® U.S. eighth grade textbooks for regular,
nonalgebraic mathematics cover approximately 36 differ-
ent topics, compared with an average of 8§ topics in Japa-
nese and 4.5 topics in German texts.!! Findings are similar
for the 4th and 12th grades. (See figure 1-14.)

A review of the topics emphasized at each grade level re-
veals that U.S. mathematics texts are also often out of step
with the international norm. For example, at eighth grade—
where U.S. students perform relatively poorly in mathemat-
ics compared with other nations—the international norm is
to focus on algebra and geometry. In the United States, eighth
grade texts place greater emphasis on whole numbers, deci-
mals, and fractions—topics that most other countries have
already completed. Videotaped lessons confirm this finding.
Lessons in German and Japanese classrooms were focused
on algebra and geometry, while, in about 40 percent of the
cases, U.S. lessons focused on arithmetic (NCES 1996c¢)."?

10The five most emphasized topics in eighth grade algebra texts in the
United States accounted for 100 percent of textbook space.

Results of the curriculum analysis for German texts are reported only
for eighth grade.

12Key findings from the video summary are presented in NCES (1996c¢).
Details of the methodology, coding schemes, and findings have been pre-
sented in a recently issued volume prepared by James Stigler and colleagues
at UCLA (Stigler et al. 1997).

Figure 1-14.

Average number of topics in mathematics
textbooks in Germany, Japan, and

the United States, by grade: 1994-95
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A Splintered Vision: An Investigation of U.S. Science and
Mathematics Education (Boston: Kluwer Academic Publishers, 1997).
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Science Curricula

Overall, the U.S. science curriculum has more in
common with the curricula of other countries than is the
case for U.S. mathematics. Still, U.S. science curricula
reflect some of the patterns observed in mathematics. In
the United States, new topics are introduced at regular
intervals in the first five grades. Much of the content seems
repetitive until about 10th grade, when general science is
replaced by courses devoted to specific areas of science
such as biology, chemistry, or physics.

However, in the elementary and middle grades, U.S. stu-
dents take general science courses that cover more topics than
are covered in most of the participating countries. General
science textbooks in the United States tend toward inclusive-
ness, covering more distinct topics than are covered in texts
in 75 percent of the other countries. The typical U.S. science
textbook covers between 53 and 67 topics, depending on grade
level. In Japan, the range is 8 to 17 topics. In Germany, where
data were available only for eighth grade, the average is nine
topics. (See figure 1-15.)

This tendency toward inclusive coverage means that most
general science textbooks in the United States touch on top-
ics rather than concentrating on them. As an example, the
five most emphasized topics in U.S. fourth grade science texts
accounted for 25 percent of the total textbook space, com-
pared with an international average of 70 to 75 percent. In
eighth grade, the five most emphasized topics in U.S. general
science texts accounted for 50 percent of textbook space, com-
pared with 60 percent internationally.

Figure 1-15.

Average number of topics in general science
textbooks in Germany, Japan, and

the United States, by grade: 1994-95
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A Splintered Vision: An Investigation of U.S. Science and
Mathematics Education (Boston: Kluwer Academic Publishers, 1997).
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Instructional Practice and Quality

Textbooks and curriculum guides are not the only criti-
cal factors in curriculum and instruction. Equally critical
from the perspective of educational reformers are instruc-
tional considerations such as the amount of time students
spend engaged with subject matter, the kinds of tasks used
to facilitate their problem-solving and thinking capacities,
and the technological tools available to support active stu-
dent learning.

Differences in student performance outcomes are deter-
mined, at least to some degree, by differences in instructional
practice and instructional quality. Science instruction in the
United States may be roughly comparable to science instruc-
tion in other countries. But, as revealed in the recent interna-
tional comparison, eighth grade mathematics classes in the
United States are pitched at a lower level than in higher achiev-
ing countries. While U.S. eighth graders are still working on
“high-end arithmetic,” their peers in other countries are learn-
ing algebra and geometry.

The international comparison also revealed differences in
goals, activities, and overall lesson quality in the United States,
Germany, and Japan. The goal of mathematics lessons in the
United States and Germany was most often to have students
learn a particular skill, while the goal in Japanese classrooms
was more often to help students develop deep understandings
of mathematics (see NCES 1997¢). These differences in goals
translated into differences in other aspects of instruction. For
example, 71 percent of Japanese teachers provide learning
activities that require high-level thinking and reasoning. In
comparison, only 29 percent of German teachers and 24 per-
cent of U.S. teachers engaged students in this kind of learn-
ing (NCES 1997c¢).

On the basis of a videotaped sample of eighth grade math-
ematics classrooms in the three countries, judges rated most
lessons from U.S. classrooms to be of low quality (87 per-
cent), compared with 40 percent of lessons from German
classrooms and just 13 percent of Japanese lessons. These
judgments were made independently of detailed summaries
that documented the exact sequence of mathematical state-
ments and equations presented and the learning activities used.
Any words that provided clues to the identity of the country
were disguised.

None of the lessons from U.S. mathematics classrooms
were rated high on quality, compared with 30 percent of
lessons from Japanese classrooms and 23 percent from
German classrooms. Moreover, most of the expert judges
viewed lessons in Japanese classrooms as more consis-
tent with U.S. mathematics standards than lessons in U.S.
classrooms. However, 75 percent of the U.S. teachers of
those same lessons judged their own instruction to be in
“some accord” with the standards.

Time on Learning

Aside from the issue of instructional quality, there has been
some empirical evidence to support the common-sense no-
tion that the more time students spend engaged in learning,

the more they will learn. This is the primary reason why time
is considered an important instructional variable. It is con-
sidered so crucial, in fact, that many educators believe sys-
temic change cannot be successful in schools unless ways are
found to provide students with more learning time (National
Education Commission on Time and Learning 1994). Still,
questions remain about just how much influence instructional
time has on achievement.

Through the recent international comparative study, it has
become clear that, at the very least, the relationship is not as
simple as has been assumed. In fact, no consistent relation-
ship was observed between class time and achievement in
either subject at either fourth or eighth grade.'® This finding
suggests that how teachers and students spend their instruc-
tional time is more important than the amount of time avail-
able for mathematics and science instruction during the
school day. For example, eighth grade students in Belgium,
the Czech Republic, and the Slovak Republic—all high-per-
forming nations—treported spending more time than the av-
erage on mathematics. But so too did students in Kuwait,
who were among the lowest scorers. South Korean and Japa-
nese eighth graders reported spending the international av-
erage amount of class time on mathematics but were among
the highest achievers.

U.S. students spend at least as much class time on math-
ematics and science as students in most countries. At eighth
grade, over half of U.S. students spend 3!/ to 5 classroom
hours on mathematics each week compared with an interna-
tional norm of 2 to 3'/> hours (Beaton, Mullis et al. 1996; and
Beaton, Martin et al. 1996)."* Almost half of fourth grade
U.S. students spend five or more hours of instructional time
each week on mathematics and three hours or more on sci-
ence. In most other countries, fourth graders spend about three
to four hours on mathematics and two hours on science (see
Martin et al. 1997 and Mullis et al. 1997).1

Although learning time can be extended through home-
work and study before or after the school day, no consistent
relationship has been found between international achieve-
ment and the amount of time students reported spending on
homework. In some high-achieving countries such as Hun-
gary, Singapore, and Slovenia, students spend considerably
more time than the norm on homework. However, students in
low-achieving countries such as Iran and Kuwait also reported
considerable time on homework. In Denmark, Scotland, and
the Netherlands—which are middle- to high-achieving coun-
tries—one-quarter to one-half of the students reported spend-
ing no time at all on homework on a normal day.®

Students in most countries reported spending an hour of
nonschool time on mathematics on a normal day and a half-

13See table 4.9 in each of the following sources: Beaton, Mullis et al. 1996;
Beaton, Martin et al. 1996; Martin et al. 1997; and Mullis et al. 1997.

14See Beaton, Mullis et al. (1996, table 5.5). Comparable figures are not
available for eighth grade science classes in the United States.

5For mathematics, see Mullis et al. (1997, table 5.4); for science, see
Martin et al. (1997, table 5.5).

16See table 4.9 of Beaton, Mullis et al. (1996); and Beaton, Martin et al.
(1996).
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hour to an hour on science. U.S. students averaged
48 minutes to one hour on mathematics homework and
between 36 and 48 minutes on science, depending on grade
level (Beaton, Mullis et al. 1996; Beaton, Martin et al. 1996;
Martin et al. 1996; and Mullis et al. 1996).!7 (See appendix
table 1-17.)

Homework competes with extracurricular activities for
students’ attention, and television often turns out to be the
prime competitor. In most countries, eighth grade students
spend two to three hours a day watching television. (See fig-
ure 1-16) The habit of U.S. students are consistent with these
patterns: eighth graders reported spending 2.6 hours watch-
ing television, compared with 2.3 hours doing their school
homework or studying. Not only was this within the interna-
tional norm, but it was virtually identical to patterns exhib-
ited by Japan and Hong Kong, two of the top-scoring
economies. Students in other high-scoring countries such as
Singapore and Belgium spent somewhat more time studying
than watching television; however, students in the Czech Re-
public spent more time watching television than studying.

The relationship of achievement to time spent viewing tele-
vision is more consistent than the relationship between
achievement and time spent on homework—but it turns out
to be a curvilinear relationship. Students who watched one to
two hours of television were the highest achievers in most
countries. Students who watched more than two hours of tele-
vision or less than one hour had lower mathematics and sci-
ence achievement on average. More significant perhaps was
the finding that eighth grade students who watched televi-

17Beaton, Mullis et al. (1996, table 4.6). Also see table 4.9 of Beaton,
Mullis et al. (1996); Beaton, Martin et al. (1996); Martin et al. (1997); and
Mullis et al. (1997) for frequency if distribution of homework/study time.

Figure 1-16.
Average hours spent on homework and in
watching TV, by eighth graders: 1994-95

Average hours daily
5]

[H watching TV. [l Studying or doing
homework
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sion for five or more hours each day, and fourth grade stu-
dents who watched TV for four or more hours, were the low-
est achievers in all participating countries. The United States
had a fair number of students who spent this much time watch-
ing television—17 percent of fourth grade students and 13
percent of eighth grade students (Beaton, Mullis et al. 1996;
Beaton, Martin et al. 1996; Martin et al. 1997; and Mullis et
al. 1997).

Use of Instructional Technologies

Educational standards in both mathematics and science
acknowledge the potential benefits of technology and rec-
ommend that students have regular access to computers and
other tools such as calculators. Although there are studies of
individual schools or districts where the use of computers
and access to the Internet have yielded learning gains, there
are no national data that affirm that the presence of technol-
ogy in itself is spurring achievement gains in mathematics
and science nationwide. It is probably often the case that in-
formation technologies, when available, are not being used
effectively in the classroom; nor does it seem from empirical
analysis that educators have yet understood how to integrate
technology into programs of reform on a wide scale.

By 1994, more than half of U.S. middle and high school
students reported access to computers in school for math-
ematics instruction; of that number, about 62 to 70 percent
actually used the computers to solve mathematics problems. This
represents a large increase from 1978 when only 56 percent of
13-year-olds and 46 percent of 17-year-olds used computers for
problem solving during instruction. (See text table 1-2.)

Teacher responses from recent international comparisons paint
a slightly more limited picture of computer use for mathematics

Text table 1-2.

Percentage of students reporting school

access to computers for mathematics instruction
and learning

13-year-olds 17-year-olds

reporting reporting
Computer access/use Year yes yes
Had access to
computer to learn .......... 1978 12 24
1994 48 52*
Studied through
computer instruction ...... 1978 14 12
1994 50" 34~
Used a computer to
solve problems............... 1978 56 46
1994 70" 62"

* = statistically significant difference between the two years, at a 5
percent combined significance level per set of comparisons

SOURCE: J. Campbell, C. Reese, C. O’Sullivan, and J. Dossey,
NAEP 1994: Trends in Academic Progress (Washington, DC: National
Center for Education Statistics, 1996).
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instruction. When asked about the use of computers in math-
ematics instruction, three-quarters of U.S. teachers at the eighth
grade level reported that students never or hardly ever solve
mathematics problems using a computer. Sixty percent of U.S.
fourth grade teachers reported that students never or hardly ever
use the computers in solving mathematics problems.'® However,
mathematics teachers reported frequent instructional use of cal-
culators. More than half of eighth grade mathematics teachers in
the United States reported that students in their classes use cal-
culators for basic tasks such as checking answers and perform-
ing routine computations. More than half also reported having
their students use calculators to solve complex problems and
more than one-third to explore number concepts (Williams et al.
1997). (See appendix table 1-23.)

Across the world, computers are used quite rarely for math-
ematics and science instruction. Except in Denmark, England
and Wales, and Slovenia, less than one-fifth of eighth grade stu-
dents used computers for problem solving in science. And ex-
cept in the United States, Austria, Denmark, England and Wales,
and Sweden, less than one-third of fourth grade students used
computers at least some of the time according to teachers’ re-
ports. (See appendix table 1-16.)

18U.S. data on computer use are reported only for mathematics classes.
Fourth grade teachers were not asked about computer use in science. The
response rate for eighth grade science teachers in the United States was too
low for estimates to be reliable.

Text table 1-3.

Limited availability of computers at school can be offset
by access to computers at home, even though home comput-
ers are often used for other than academic purposes. During
the 1994/95 school year, about half of U.S. students had a
computer at home. Students in England and Wales, Iceland,
Ireland, the Netherlands, and Scotland were most likely to
own computers (about 75 percent); students in Colombia, Iran,
Latvia, Romania, and Thailand were least likely (less than 20
percent). (See text table 1-3.)

The vision of tomorrow’s classroom held by many educa-
tional reformers not only includes access to computers by
students and teachers but also widespread access to the
Internet. Although most U.S. schools are quite far from this
vision, Internet access in schools has increased substantially
in the last several years. A recent survey indicated that in fall
1996, 65 percent of public schools reported access to the
Internet—a gain of 30 percentage points over 1994 figures.
Internet access was more likely in secondary than in elemen-
tary schools (three-quarters versus under two-thirds); in more
affluent than less affluent schools (78 percent versus 53 to 58
percent); and in schools with low to moderate minority en-
rollments, as compared with schools with high minority en-
rollments (65 to 72 percent versus 56 percent). (See appendix
table 1-25.) As with computers, access to the Internet does
not always translate into use by students and teachers, nor
does it ensure effective use. Although close to two-thirds of
U.S. schools could connect to the Internet, access was pos-

Percentage of students reporting that they have a computer at home, by country: 1994-95

Country Grade 4 Grade 8 | Country Grade 4 Grade 8
Australia .......coveeieiiiiie e 63 73 KUWat ..oooeiiieeeeee e 66 53
AUSEA . 61 59 LatVid .eeeeeeeeeeeee e 21 13
Belgium (Flemish-speaking) ................. - 67 Lithuania .......cooeeeeeeieieeeie e - 42
Belgium (French-speaking) .........c........ - 60 Netherlands ........ccoceceeiecieeiiciee e 80 85
Canada.....coocueeiureeiee e 52 61 New Zealand ..........ccccovcieiiiiiniiienneee 53 60
Colombia.......cocoeeveiiiiiiececcee e, = 11 NOIWAY ..ceeieeiiiiee e 56 64
(3] o] (U TS 35 39 Portugal ......coceviiiiiiiiieceeeeee 34 39
(07.2Tol g 2 =T o101 o] {o 88 36 ROmMania .....ccoooveeeieeeiieiiieieeee e - 19
Denmark .......ccceeeeieeiniiee e - 76 RUSSIA ..eeiiiiieiiee e - 35
England and Wales ...........cccceeiieeninnnen 88 89 Scotland ......cocoeiieeniieeee e 89 90
France ......cocoveeeeieenieeeeee e - 50 SiNGAPOIE ....oouieeieeiiiiiieeie et 44 49
Germany ......cccccceeveerienieeeee e = 71 Slovak Republic .........ccveieeiiiiieiiene = 31
Greece 23 29 Slovenia 43 47
Hong Kong ...cocveeeeeiieiieiieceesieeeen 37 39 South Korea ........cccceeeieiiieenicnienieenns 23 39
HUNGary .....ccoveviiiiieee e 37 37 SPAIN .o = 42
Iceland .......coooeeiieiiiieeee e 81 77 Sweden - 60
IFAN (e 8 4 Switzerland.........cccoeeeeiiiiiiieis - 66
Ireland ......oooocoeieiiie e 79 78 Thailand .........ccooiiiiieeiee e 3 4
ISFael oo 70 76 United States ......cccccevvverieenieiiiecieens 56 59

- =did not participate in fourth grade assessment

SOURCES: A. Beaton, |. Mullis, M. Martin, E. Gonzalez, D. Kelly, and T. Smith, Mathematics Achievement in the Middle School Years: IEA’s Third
International Mathematics and Science Study (TIMSS) (Chestnut Hill, MA: Boston College, 1996); and I. Mullis, M. Martin, A. Beaton, E. Gonzalez, D. Kelly,
and T. Smith, Mathematics Achievement in the Primary School Years: IEA’s Third International Mathematics and Science Study (TIMSS) (Chestnut Hill, MA:

Boston College, 1997).
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sible from only 14 percent of instructional rooms (e.g., class-
rooms, computer labs, library media centers) according to
recent surveys (NCES 1997a). (See figure 1-17.)

Teachers and
the Profession of Teaching

The National Council of Teachers of Mathematics’ stan-
dards and the National Research Council’s science standards
present new visions of what should be taught, as well as when
and how it should be taught. Standards in both subjects call
for teachers to introduce and develop topics that, in the past,
were reserved for later grades and to orchestrate instruction
in ways that are not commonly observed in today’s classrooms.
At present, few teachers possess both the knowledge of teach-
ing and learning and the knowledge of content necessary to
meet these expectations for the effective teaching of math-
ematics and science.

Teacher Preparation and Student
Achievement

Until recently, attempts to link student achievement to
teacher qualifications focused on degrees earned and major
or minor fields of study. These attempts have not been
altogether successful; few, if any, consistent effects were found.
This was a sensible research strategy at the time because
teacher certification requirements were specified in those
terms. But more contemporary findings suggest that additional
coursework in specific areas may not only increase teachers’

Figure 1-17.

Percentage of U.S. public schools and
instructional rooms with Internet access,
by proportion of minority enroliment

Percent
100

. Percent of instructional
rooms
1995 1996

. Percent of schools
N

70

60

50

40

30

20

10

0

Less 6 21- 50% Less 6 21- 50%

than 209 49%  or

than  209% 49%  or
6% more 6% ? ?

more
Minority enroliment
See appendix table 1-25.
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knowledge of subject matter, but may also expand the range
of teaching and learning approaches a teacher is likely to use
in the classroom—and expand student achievement.

Recent studies are using more refined ways to measure
teacher qualifications and, as a result, have established that
the number and kind of courses taken by mathematics and
science teachers do influence student performance. Higher
student test scores have been related to teachers who have
had more advanced courses in mathematics and science and
in other educational areas. Taking additional coursework in
unrelated subjects had no—or sometimes even a negative—
effect on student learning (Monk 1994).

In addition, students whose teachers have completed more
course credits in their field (and those with higher grade point
averages) achieve at higher levels than other students. In a
study conducted by Chaney (1995), teachers who had taken
courses in mathematics at above calculus level coupled with
courses in mathematics education were found to have stu-
dents who less frequently scored in the lower achievement
grouping and more often demonstrated advanced levels of
performance. (See appendix table 1-26.) In addition, these
better prepared teachers were more likely to expose their lower
level mathematics students to college preparatory subjects
such as algebra in regular mathematics classes (Chaney 1995).

Still other studies examining the knowledge base and
preparation of teachers have identified important differences
in instruction. Several of these studies showed that when cov-
ering topics on which they were well-prepared, teachers more
often encouraged student questions and discussion; spent less
time on unrelated topics; permitted discussion to move in
new directions on the basis of student interests; and gener-
ally presented the topics in a more coherent, organized fash-
ion. When covering unfamiliar topics, teachers discouraged
active participation by students, kept discussion under tight
rein, relied more on presentations than on student discourse,
and spent more time on tangential issues such as study skills
and cooperative effort (see, e.g., Carlsen 1991, and Smith
and Neale 1991).

Coursework Preparation

An increasing number of states are requiring that teachers
have a college major or a minimum number of credits in the
subjects they plan to teach. Twenty-nine states now require,
at least at the middle and high school levels, that teachers
have a degree in a specific subject area other than education.
Nine of these states also require this of elementary school
teachers (CCSSO 1996). (See appendix table 1-20.)

As of the 1993/94 school year, 1 percent of elementary
school teachers possessed a mathematics degree, 2 percent
had a science degree, and only 5 or 6 percent more had either
majored or minored in mathematics or science education in
college. The vast majority of elementary school teachers earn
college degrees in education rather than in specific disciplines
or disciplinary areas of education. High school teachers were
much more likely to possess mathematics and science de-
grees. Of high school mathematics teachers, 41 percent had
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earned a degree in mathematics compared with just 7 percent
of middle school teachers. In science, 63 percent of high
school, and 17 percent of middle school, science teachers pos-
sessed some form of science degree. (See text table 1-4.)

The professional associations have made specific recom-
mendations for the preparation of mathematics and science
teachers. (See “Are Teachers Knowledgeable About the Stan-
dards?”’) The NCTM standards recommend that middle school
mathematics teachers take college courses in abstract alge-
bra, geometry, calculus, probability and statistics, and appli-
cations of mathematics/problem solving. An even more
detailed list of coursework is recommended for high school
mathematics teachers (Weiss, Matti, and Smith 1994).

Many middle school mathematics teachers fall short of
these recommendations. Only 7 percent of middle school
mathematics teachers have taken courses in all of the areas
recommended by the standards, and about one-third have taken
none. High school teachers are generally better prepared.
About one-third have completed courses in at least 9 of 10
recommended areas, and only 2 percent have completed just
one course or none of the recommended coursework. Virtu-
ally all elementary school teachers have completed some
courses in mathematics education or mathematics for elemen-
tary teachers: 42 percent have completed college algebra/trigo-
nometry, or elementary functions, but only 12 percent have
completed calculus (Weiss, Matti, and Smith 1994).

The National Science Teachers Association recommends
that elementary school teachers have one course each in the
biological, physical, and earth sciences as well as coursework
in science education. Just about half of elementary teachers
have satisfied this requirement. Middle school science teach-
ers are encouraged to take at least two courses in each area as
well as teacher training in their field (Weiss, Matti, and Smith
1994). Only 42 percent of middle school science teachers
(grades 5 to 8) and 57 percent of junior high school (grades 7
to 9) science teachers meet the Association’s recommenda-
tions in full. Recommended courses for the prospective high

Text table 1-4.

school teacher are quite detailed in each of the three areas of
science, and there is a considerable range in the number of
teachers meeting those recommendations. Less than half of
earth science teachers, compared with 90 percent of biology
teachers, had taken six or more credits in their respective sub-
ject areas (Weiss, Matti, and Smith 1994).

Teachers’ Views of Teaching and Learning

How teachers go about their work in classrooms depends to
some extent on their views about the nature of their academic
disciplines and about teaching and learning in their fields. Re-
search in the last 10 years supports this claim (Dwyer 1993a
and 1993b). Teachers who see science as a static collection of
facts tend toward instructional approaches that rely on “teacher-
talk” and direction, and on student practice and memorization.
Teachers who see science as a process of empirical discovery
are more comfortable with hands-on learning and open-ended
tasks (Carlsen 1991, and Smith and Neale 1991). Others have
made similar observations about the views and practices of
mathematics teachers (Dossey 1992 and Thompson 1992).

The majority of teachers have fairly practical views of
mathematics and science. Close to 80 percent of teachers in
both subjects see their fields as providing “formal ways of
representing the real world,” and close to 90 percent as
a “structured guide for addressing real situations.” Only 31
percent of mathematics teachers and 18 percent of science
teachers view their subject as an abstract conceptual system.

A number of teachers have views that run counter to the
general directions set by standards. Close to 80 percent of
mathematics teachers believe that some students have a natu-
ral talent for mathematics while others do not, and 35 percent
think that mathematics should be learned as a set of algo-
rithms or rules. In science, teachers sometimes hold similar
views. Almost two-thirds of science teachers believe that some
students have a natural talent for science and others do not.
About three-quarters believe that students should be given
prescriptive and sequential directions for doing experiments;

Percentage of teachers with majors and minors in science/mathematics and

science/mathematics education: 1993

Science teachers Mathematics teachers

Grades Grades Grades Grades Grades Grades

Major/minor 5-8 9-12 1-4 5-8 9-12
Undergraduate major in science/mathematics ...........cc.cceeu... 17 63 1 7 41
Undergraduate or graduate major in science/science

education or mathematics/mathematics education ............ 21 72 1 11 63
Undergraduate or graduate major or minor in

science/science education or mathematics/

mathematics education ............cccoeiiiieiiiiiie i 32 94 7 18 81

SOURCE: I.R. Weiss, M.C. Matti, and P.S. Smith, Report of the 1993 National Survey of Science and Mathematics Education (Chapel Hill, NC: Horizon

Research, Inc., 1994).
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Are Teachers Knowledgeable About the Standards?

In a 1995 survey of teachers, 85 percent of eighth grade
mathematics teachers reported being “fairly” or “very” fa-
miliar with the Curriculum and Evaluation Standards for
School Mathematics of the National Council of Teachers of
Mathematics. Approximately 26 percent of eighth grade sci-
ence teachers reported being “very” or “fairly” familiar with
Benchmarks for Science Literacy of the American Associa-
tion for the Advancement of Science. The numbers might
have been higher if teachers had been asked about standards
published by the National Science Teachers Association, an
organization to which many science teachers belong (Will-
iams etal. 1997). However, it should be noted that neither of
these sets of science standards realized the same levels of
visibility and acceptance by the science teaching commu-

Figure 1-18.

nity as was true of the mathematics standards within the
mathematics teaching community.

There are indications that U.S. teachers believe they are
implementing some aspects of standards-based instruction.
A 1996 survey asked teachers to report on the kind of re-
form activities they are implementing in their classrooms.
The seven-item list of activities included assisting students
to reach high standards, using curriculum materials aligned
with standards, and using authentic assessments. (See fig-
ure 1-18.) Except for using authentic assessments and tele-
communications to support instruction, in the majority of
cases, mathematics and science teachers at all three levels
of schooling believed they were implementing each of the
activities included in the survey (NCES 1997d).

Percentage of science and mathematics teachers implementing reform activities in their classes: 1996
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only 32 percent thought focusing on rules might be a bad
idea. (See figure 1-19.)

There is substantial agreement between mathematics and
science teachers on the aptitudes and skills students need to
succeed in learning mathematics and science. Over 80 per-
cent of mathematics and science teachers consider it very im-
portant for students to understand concepts, to understand
how the subjects are used in the real world, and to be able to
support their results and conclusions.

There are some areas of difference in these views. Fewer
mathematics teachers (65 percent) than science teachers (73
percent) consider creative thinking very important. However,
the biggest difference in views centers on the importance of
students remembering formulas and procedures. Over 40 per-
cent of mathematics teachers believe that it is important for
students to memorize formulas, compared with 26 percent of
science teachers. (See figure 1-20.)

Figure 1-19.
Teacher beliefs about the nature and teaching of
mathematics and science: 1994-95
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Figure 1-20.
Teacher perceptions of student skills required for
success in mathematics and science: 1994-95
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Out-of-Field Teaching

Information about the academic preparation of the teaching
force and their views and attitudes toward teaching and learning
do not tell the complete story of teachers’ qualifications. All too
frequently, teachers are assigned to classes outside their fields
(Ingersoll 1996). The problem is particularly acute in mathemat-
ics. In the 1990/91 school year, students were less likely to have
a qualified teacher in mathematics than in any other core sub-
ject. About 27 percent of students in grades 7 to 12 had a math-
ematics teacher without at least a minor in mathematics or
mathematics education compared with 21 percent in English, 17
percent in science, and 13 percent in social studies. Out-of-field
teaching is more common at middle and junior high schools than
in senior high schools. In 1991, 32 percent of students in 7th
grade science classes had teachers without a major or minor in
science or science education, while only 13 percent of 12th grad-
ers did. (See appendix table 1-24.)

There are large differences across states in the proportions of
mathematics and science teachers who have degrees in these
subjects. The percentage of secondary mathematics teachers with
amajor in mathematics ranges from under 45 percent in Alaska,
Delaware, and Washington to over 80 percent in Pennsylvania
and the District of Columbia. Similarly, fewer than half of sec-



Science & Engineering Indicators — 1998

*1-27

ondary science teachers in Nevada and Louisiana majored in
science in college compared with 80 or more percent in 10 states
(Blank and Gruebel 1995).

There are also equity issues involved with out-of-field teach-
ing which is more prevalent in high-poverty schools, in low-
achieving classes, and in low-track classes (Chaney 1995;
Gamoran 1986; and Oakes, Gamoran, and Page 1992). For ex-
ample, more than one-quarter of students enrolled in secondary
school science classes in which students were judged to be low
achieving had a teacher without at least a minor in science or
science education, compared with fewer than 1 in 10 students in
high-achieving classes. Thirty-six percent of students in classes
with high minority enrollments had a mathematics teacher with-
out a major or minor in mathematics or mathematics education,
compared with 23 percent of students in low minority classes. In
addition, students who attend school in high-poverty areas are
much more likely to have mathematics and science teachers with-
out at least a minor in these fields than students attending schools
in low-poverty areas. (See figure 1-21.) In effect, students who
need the most support are left with the teachers least qualified to
help them (Darling-Hammond 1994a; Oakes 1990; and Weiss,
Matti, and Smith 1994).

Reform of the Teaching Profession

Many efforts in the last decade to bring about systemic,
standards-based changes in schools have focused on the
professionalization of teaching. The logic underlying this
approach is that upgrading the profession will increase teach-
ers’ commitment and motivation. This will in turn result, it is
believed, in better teaching, with the final outcome being
improved student learning. A variety of proposals have been
offered for improving the status and professional credentialing
of teachers. The most ambitious of these proposals seek
changes in how teachers are prepared, licensed, and supported
throughout their careers (see, for example, Carnegie Forum
on Education and the Economy 1986, and National Commis-
sion on Teaching and America’s Future 1996).

The National Commission on Teaching and America’s
Future, for example, recommends:

4 organizing teacher education and professional development
programs around the standards;

4 developing extended graduate level teaching programs that
offer year-long internships, similar to those offered in the
medical profession, to provide closely supervised practice
that is tied to coursework; and

4 creating stable, high-quality professional development ser-
vices to support teachers.

Efforts are under way to bring about each of these changes.
Some of these initiatives have focused primarily on teacher
preparation. The Holmes Group, which was formed by col-
lege deans of education, proposed that prospective teachers
be required to devote four years of undergraduate study to
academic content in their chosen major, and that professional
preparation in teaching be postponed to a fifth or sixth year

Figure 1-21.

Percentage of public secondary students taught
by teachers without at least a minor in the field,
by school poverty enroliment: 1993-94
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students taught by teachers without at least a minor in those
particular fields.

SOURCE: National Center for Education Statistics, The Condition of
Education 1996, NCES 96-304 (Washington, DC: U.S. Department of
Education, 1996).
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(Holmes Group 1986). Year-long internships, two-year induc-
tion periods, and professional development schools are all
variations on this basic idea aimed at providing prospective
teachers with both better academic preparation and more class-
room experience before licensing.

Other efforts have focused on development of standards to
guide the profession. The National Board for Professional
Teaching Standards has developed standards for accomplished
teaching, created performance-based certification exams to
identify accomplished teachers, and established a professional
board to oversee operation of the system (NBPTS 1991). The
Interstate New Teacher Assessment and Support Consortium
(INTASC), which was formed by a consortium of state educa-
tion agencies, higher education institutions, and national edu-
cational organizations, has focused on the other end of the
continuum: new teachers. INTASC has begun to develop stan-
dards and performance-based assessments useful for judging
competent entry-level teaching and for guiding the professional
development of early career teachers (INTASC 1991).

Both sets of teachers’ standards are compatible with each
other, and both are directly linked to the national standards
for student performance in specific content areas. The stan-
dards for new teachers developed by INTASC have been
adopted or adapted for use by 14 states and are being used in
several additional states as a basis for evaluating their sys-
tems for licensing (INTASC 1994).
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Policy efforts also have been initiated to infuse standards-
based conceptions of teacher preparation into higher educa-
tion and teacher training institutions. Many educators view
the process of program accreditation as the most effective
lever for bringing about desired changes. The National Council
for the Accreditation of Teacher Education, which has accred-
ited teacher education programs for many years in coopera-
tion with state agencies, has taken steps in this direction.
Recently, it has incorporated performance standards devel-
oped by the aforementioned INTASC in the program approval
process (Darling-Hammond 1994a).

Conclusion

The central question motivating this chapter is whether
the K-12 education system in the United States is doing a
good job of providing students with a solid foundation in
mathematics and science in order to prepare them for work or
continuing study, or simply to be literate members of society.

The answer depends on the perspective taken. From the
perspective of curriculum, national and cross-national stud-
ies give somewhat different answers. National trend studies
suggest that U.S. schools are doing a better job of addressing
long-standing inequities in the mathematics and science prepa-
ration provided to students in different demographic groups.
Compared with the late 1970s and early 1980s, higher pro-
portions of male and female students now complete the core
college preparatory courses in mathematics and science, and
more black and Hispanic students do so as well. On the other
hand, as recently as 1994, a significantly larger fraction of
white than black and Hispanic students completed advanced
courses in mathematics and science, and more male than fe-
male students completed physics. Therefore, there are still
substantial inequities to be overcome.

International comparisons suggest that U.S. curricula are
lacking in depth and focus. The content of the science cur-
riculum is within the international norms for grades 4, 8, and
12. But relative to science curriculum documents and text-
books in other countries, U.S. schools provide too much rep-
etition, too many topics to be learned, and too little coverage
of core science topics.

These limitations are even more characteristic of the
mathematics curriculum. There are indications as well that
at least the eighth grade mathematics curriculum is pitched
ata lower level than in other countries. U.S. curriculum guides
and textbooks emphasize topics related to whole numbers
and fractions while in most other countries, students are
studying more topics in geometry and algebra. Cross-national
observations of what takes place in eighth grade mathemat-
ics classrooms confirm these findings. Lesson goals and the
activities provided to support those goals reflect quite lim-
ited cognitive expectations. More often than not, the goal is
for students to learn specific skills rather than develop a deep
understanding of mathematics.

From the perspective of achievement, national and cross-
national studies again point to somewhat different conclu-

sions. Following declines in the 1970s, the performance of
U.S. students improved in basic skill areas. Nine- and 13-
year-olds are scoring higher on mathematics and science as-
sessments than they did in 1973, while 17-year-olds’
performance in 1996 was about the same as in 1973. Although
progress has not been substantial in the 1990s, U.S. students
have lost no ground. Achievement also improved from 1990
to 1996 in mathematics assessments geared to national math-
ematics standards. And analyses of the performance of girls
and boys in the 1990s show few meaningful differences.

But students of different demographic backgrounds are not
achieving at the same levels. Asian Americans and Pacific
Islanders and white students outperformed black, Hispanic,
and Native American students—even when comparisons cor-
rect for the disparities in the courses students have taken. Stan-
dards-referenced science assessments introduced in 1996 are
too different from earlier tests to permit comparisons with
earlier years. But the same pattern of ethnic differences was
observed in science as in mathematics.

Findings from the most recent international studies of
achievement are mixed, depending on subject matter and
grade. Better performance was demonstrated by U.S. fourth
grade than eighth grade students when compared with other
countries. They scored above the international average in
mathematics and well above the international average in sci-
ence. Eighth grade students performed above the international
average in science but well below the international average in
mathematics. Because of differences in the ways earlier in-
ternational comparisons were conducted, it is difficult to tell
if U.S. students are performing comparatively better or worse
than they did in previous years. Although the relative stand-
ing of U.S. fourth grade students in science has gone up com-
pared with earlier studies, it cannot be said definitively that
this represents a real change in standing.

Returning to the original question: what do these find-
ings suggest about the progress and quality of U.S. educa-
tion? First, they show that the mathematics and science
education of students is improving somewhat in terms of eq-
uity and excellence—the dual goal of educational reforms.
Second, there is much room for improvement, and we are
still far from reaching our national goal of being first in the
world in mathematics and science. Third, students are not
yet performing at the levels of expectation recommended by
the mathematics and science standards. Fourth, the curricula
could better define and focus on core content in mathemat-
ics and science as recommended by the standards. And fifth,
teachers could better help students develop a genuine under-
standing of mathematics and science by engaging them in
active tasks that challenge their intellectual capabilities. On
the whole, although progress has been made, our schools
and school districts will have to do much more if students
are to be well-prepared for a future that demands that we, as
a nation, have a citizenry solidly grounded in mathematics
and science.
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Highlights

WoRLDWIDE INCREASE IN S&E
EbpucATioNAL CAPABILITIES

4 From the mid-1980s to the mid-1990s, the number of
first university degrees in higher education in science
and engineering (S&E) increased rapidly in Asia and
Europe, and slowly in North America. During this pe-
riod, first university degrees in S&E grew at an average
annual rate of 4.8 percent among 16 European countries,
at 4.1 percent among 6 Asian countries, and at 1.3 percent
among North American countries.

¢ Theincrease in S&E degree production in Asia is driven
by expanding access to higher education for large or
growing populations. Developing countries such as In-
dia and China have large populations in their college-age
cohorts and increasing participation rates in postsecondary
education. The increase in S&E degree production in Eu-
rope is driven by expanding access to higher education in
the face of a declining student population.

4 A higher percentage of the college-age population in
selected Asian countries than in Europe or North
America earns university degrees in the natural sciences
and engineering (NS&E). In Japan, Singapore, South Ko-
rea, and Taiwan, between 6 and 7 percent of 24-year-olds
earn NS&E degrees, compared to between 4 and 5 per-
cent of 24-year-olds in Western Europe and North America.

4 In Europe,Asia, and North America, women have been
particularly successful in earning degrees in the natu-
ral and social sciences. By 1995, women earned close to
half of the natural science degrees in higher education in-
stitutions in several countries, including the United King-
dom, Italy, the United States, and South Korea. Women in
the three regions have also earned the majority of first
university degrees in the social sciences, but are consider-
ably less likely to earn degrees in engineering.

CHARACTERISTICS OF U.S.
HicHER EDUCATION INSTITUTIONS

¢ The United States has a large and diversified set of in-
stitutions of higher education that provides a college
or university education to over one-third of the U.S.
college-age population. The country has one of the most
open education systems in the world. Other countries are
also broadening educational access and expanding their
graduate programs, particularly in S&E fields.

¢ After several decades of continual and rapid expansion
of higher education in the United States, enrollment
fell for the first time in 1993; it has continued to de-
cline each year since. This decline is partially based on
demographics: the U.S. college-age population declined
from 22 million in 1980 to 17 million in 1995. The de-
cline in the college-age population was offset for over a

decade by expanded access to higher education for all sub-
populations, particularly women and minorities, and en-
rollment by larger numbers of older students. By 1993,
however, overall enrollment began to decline.

UNDERGRADUATE S&E STUDENTS AND DEGREES IN THE
UNITED STATES

4 The trend of increasing enrollment of underrepresented
minority students in undergraduate programs has per-
sisted for over a decade and accelerated in the 1990s.
Black enrollment increased 3.6 percent annually in the
1990s, reaching 1.3 million in 1995. Hispanic enrollment
in higher education increased at an even faster rate during
this period (7.1 percent annually).

4 In 1995, at the community college level, over half (57.8
percent) of the enrollment in mathematics classes was
for remedial level courses. In 1970, remedial courses in
community colleges accounted for about a third of all
mathematics courses.

4 The percentage of freshmen in four-year institutions
reporting a need for remedial work in mathematics and
science has remained high, particularly for women and
minorities. In 1995, of those freshmen planning to major
in science or engineering, over 16 percent of the males
and over 26 percent of the females thought they would
need remedial work in mathematics. Among freshman stu-
dents from underrepresented minority groups planning to
major in science or engineering, over 38 percent reported
that they would need remedial work in math.

4 The number of earned bachelor’s degrees in S&E from
U.S. institutions has been increasing for over a decade,
but trends differ by field. The number of natural science
degrees increased 7.7 percent annually from 1990 to 1995,
with stronger than average growth in the biological and en-
vironmental sciences, but only modest (2 percent) growth
in the physical sciences. Attraction to the computer sciences
dropped precipitously from 1986 to 1991, followed by slight
decreases to 1995. The number of social science degrees
awarded, after record growth between 1986 and 1992 (aver-
aging 6 percent annually), has remained stable for the last
four years. Engineering degrees, whose numbers also peaked
in 1986, declined until 1991 and then stabilized.

4 In 1995, for the country as a whole, over 5 percent of the
college-age population had completed a bachelor’s degree
in an NS&E field. But in that same year, only about 2 per-
cent of black and Hispanic youth earned a bachelor’s degree
in an NS&E field. Asian Americans, representing only 4 per-
cent of the U.S. population, have considerably higher than
average participation rates: over 12 percent earned an NS&E
degree. Low participation rates for blacks and Hispanics
changed little throughout the 1980s, although they improved
somewhat in the 1990s.
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GRADUATE S&E STUDENTS
AND DEGREES IN THE UNITED STATES

¢ Enrollment in U.S. graduate S&E programs grew for
almost 20 years, reached a peak of almost 440,000 stu-
dents in 1993, and then began to shrink. The decline in
enrollment has averaged 1 percent annually. Fewer students
enrolling in engineering, mathematics, and the computer
sciences account for most of this decline.

¢ While women continued a decade-long trend of in-
creased enrollment in graduate S&E programs in 1993,
enrollment figures for U.S. white males began a down-
ward trend. In 1977, women represented only one-quar-
ter of S&E graduate enrollment; by 1995, they accounted
for 38 percent of enrollment.

4 Progress for underrepresented minorities in S&E gradu-
ate enrollment has been very modest. In 1975, they ac-
counted for 3.7 percent of S&E graduate enrollment; by 1995,
they accounted for 5.0 percent.

¢ In 1992, foreign graduate students reversed their de-
cade-long trend of increased S&E enrollment in U.S.
institutions. They decreased their enrollment each year
since then. From 1983 to 1992, the number of foreign
graduate students increased over 5 percent annually. From
1992 to 1995, their numbers decreased more than 3 per-
cent annually.

¢ The number of S&E degrees awarded in the United
States at the master’s level increased throughout the
1980s, with even stronger growth in the 1990s. The re-
cent growth is mainly accounted for by rising numbers of
earned degrees in the social sciences and engineering, with
relatively stable numbers in the natural sciences, mathemat-
ics, and computer sciences.

4 The proportion of U.S. master’s degrees earned by females
increased considerably in the last two decades—not only
in the natural sciences, but in engineering as well. In 1975,
females earned 21.1 percent of the natural science degrees at
the master’s level and 2.5 percent of the engineering degrees.
By 1995, females accounted for 41.0 percent of natural sci-
ence degrees and 16.2 percent of engineering degrees.

¢ Asian Americans earned an increasing number of S&E
master’s degrees, while the number of such degrees
awarded to underrepresented minorities grew only
slightly. The number of S&E master’s degrees awarded to
Asian Americans grew especially in engineering, mathemat-
ics, and the computer sciences. The number of S&E master’s
degrees obtained by blacks grew modestly in most fields,
although there was strong growth in the social sciences.
Hispanics also earned a modestly increasing number of de-
grees in the social sciences, as well as in engineering.

4 The number of doctoral degrees in engineering, math-
ematics, and the computer sciences nearly doubled from
1985 to 1995. Natural science fields—particularly the bio-
logical sciences—contributed to the rising number of de-
grees, with a 30 percent increase.

4 Women accounted for an increasing proportion of S& E
doctoral degrees, while underrepresented minorities
showed only a slight increase. By 1995, females earned
almost half of the doctoral degrees in the social sciences,
38 percent in the biological sciences, and almost 12 per-
cent in engineering. Underrepresented minorities received
less than 5 percent of all S&E doctorates awarded in 1995,
up slightly from 3 percent in 1977.

4 In the past decade, foreign students have accounted for
the large growth in S&E doctoral awards in U.S. uni-
versities. The number of foreign doctoral recipients in U.S.
universities doubled in S&E fields from over 5,000 in 1986
to over 10,000 in 1995—an 8.2 percent average annual
increase. In contrast, the rate of increase in doctoral de-
grees to U.S. citizens averaged only 1.9 percent annually.

4 The proportion of foreign doctoral recipients planning
to remain in the United States has increased: for the
1992-96 period, over 68 percent planned to locate in
the United States, and nearly 44 percent had firm of-
fers to do so. Stay rates differ considerably by place of
origin. In 1996, 57 percent of the U.S. S&E doctoral re-
cipients from China and 59 percent of those from India
choose to accept employment in the United States. In con-
trast, only a small percentage of 1996 doctoral recipients
from South Korea and Taiwan (24 and 28 percent, respec-
tively) accepted employment offers in the United States.

4 From 1990 to 1994, U.S. universities provided slightly
more than half of their postdoctoral appointments to
non-U.S. citizens. However, like the recent decline of for-
eign graduate enrollments in S&E in U.S. universities, there
has been a slightly smaller proportion of foreign postdoctoral
appointments and a slightly increasing number of appoint-
ments to U.S. citizens, particularly in the sciences. Foreign
postdoctoral recipients still receive the majority of such re-
search positions within U.S. universities in engineering.

4 One indicator of mobility of S&E personnel in the world
is the proportion of foreign-born faculty in U.S. higher
education. In 1993, foreign-born faculty in U.S. higher edu-
cation accounted for 37 percent of the engineering profes-
sors and 27 percent of the mathematics and computer sci-
ence teachers. These faculty are mainly from Asia and Eu-
rope, with the largest numbers coming from India, China,
the United Kingdom, Taiwan, Canada, and South Korea.
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INTERNATIONAL COMPARISONS OF S&E TRAINING

4 Europe leads North America and Asia in S&E doctoral
degree production. In 1995, doctoral degrees awarded in
S&E fields by Western and Eastern European institutions
totaled 45,647—about 60 percent higher than the North
American level and almost three times as many as the num-
ber recorded for Asian countries.

Introduction

Chapter Overview

Scientific discoveries, technological innovation, and the
information revolution had a tremendous influence on U.S.
society and the global economy in the late 20th century. These
forces will have still greater roles in shaping the emerging
knowledge society that will mature worldwide in the 21st
century. The U.S. higher education system has facilitated this
knowledge explosion and contributed, directly and indirectly,
to the worldwide diffusion of science and engineering (S&E)
knowledge. Consequently, encouragement of S&E education
is a key element of the economic growth strategies of many
countries around the world.

This chapter on higher education in S&E discusses trends
that demonstrate the increasing globalization of S&E capa-
bilities. At the undergraduate level, the globalization of sci-
ence and technology has domestic implications for further
openness in access to higher education in S&E fields for
women and minorities, who will comprise the majority of the
labor force in the 21st century. The increasing global capa-
bilities for graduate S&E education have implications for the
large international component of U.S. graduate S&E pro-
grams. This chapter includes indicators of the increase in ca-
pabilities for S&E education at the bachelor’s and doctoral
levels in three world regions: Asia, Europe, and North
America. It also includes domestic indicators of current
achievement in earning S&E degrees, both at the national
level and for women and minorities.

Chapter Organization

This chapter begins and ends with international compari-
sons that put U.S. higher education indicators in a broader
context. The comparisons at the chapter beginning are at the
bachelor’s level (referred to internationally as “first univer-
sity degrees”), while those at the end are at the doctoral level.
The initial international indicators relate to the number of
S&E degrees: the growth rate over time of first university
degrees, the proportion of S&E degrees produced among re-
gions, participation rates of college-age cohorts in S&E de-
grees, differences in participation rates by sex, and the ratio
of S&E degrees to total first university degrees by country.

The main body of the chapter focuses on U.S. higher edu-
cation in science and engineering, including institutions, en-

¢ While graduate S&E programs are expanding rapidly
in Asia, women have not yet entered those programs in
large numbers. Women still earn only a small fraction of
the doctoral S&E degrees issued in Asia. In 1995, women
in South Korea and Taiwan earned only 7 and 9 percent,
respectively, of total S&E degrees at the doctoral level.

rollment, and degrees at all levels. To a greater extent than is
possible with the international indicators, domestic data il-
lustrate trends in disaggregated fields, show coursetaking be-
havior at the undergraduate level, and note achievement by
women and minorities. The following domestic indicators are
disaggregated by race and sex: trends in enrollments, choice
of S&E majors, need for remedial work in mathematics and
science, participation rates in S&E degrees, and earned de-
grees at all levels.

Changes in the contributions of international students and
faculty are explored in indicators on foreign doctoral students
and stay rates in the United States of foreign doctoral recipi-
ents, the growth and change of postdoctoral appointments,
foreign faculty in U.S. higher education, and reverse flows of
U.S.-trained scientists and engineers to Asia.

The final chapter sections present science and technology
indicators relating to international mobility. These include inter-
national comparisons of foreign student enrollment and com-
parison of doctoral S&E degree production in three world regions.

Note that trends are presented in terms of both S&E and
the natural sciences and engineering (NS&E) throughout this
chapter. These designate different aggregations of fields. S&E
is the more inclusive term, including all fields; NS&E ex-
cludes social and behavioral sciences.! Both aggregations are
included because trends differ among S&E and NS&E, par-
ticularly for women and minority groups (e.g., they are rela-
tively better represented in the social and behavioral sciences).
In addition, to make international comparisons more compa-
rable in scope, NS&E is frequently used.

Worldwide Increase in S&E
Educational Capabilities

In each country, a number of factors drive student partici-
pation in science and engineering. Among these are demo-
graphics (the number of college-age students), organizational
aspects of the university system (how open—accessible—the
system is), how the secondary education system dovetails into
higher education, as well as the incentives for studying and
staying in S&E as opposed to entering directly into the work-
force. These factors combine in different ways in each coun-
try to influence the number of S&E students.

'The natural sciences comprise the physical, chemical, biological, agri-
cultural, earth, atmospheric, and oceanographic sciences, as well as math-
ematics and the computer sciences.
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First University Degrees?

From the mid-1980s to the late 1990s, the number of first
university degrees in science and engineering increased rapidly
in Asia and Europe and slowly in North America. In this period,
first university degrees in S&E grew at an average annual rate of
4.8 percent among 16 European countries, at 4.1 percent among
6 Asian countries, and at 1.3 percent among North American
countries.®> When considering only NS&E degrees, the North
American degrees declined at an average annual rate of just un-
der 1 percent (NSF 1993 and NSF 1996a), while the European
and Asian degrees increased over 4 percent.

In 1995, more than 2.1 million students in these three re-
gions earned a first university degree in science or engineer-
ing, up from 1.6 million in 1992.* (See “Degree Data Available
for Asia, Europe, and North America.”’) These 2.1 million
degrees were evenly divided among the major fields: approxi-
mately 765,000 were earned in the natural sciences, 643,000
in the social sciences, and 739,000 in engineering. (See text
table 2-1.)

By 1995, within the Asian region, the number of first uni-
versity degrees in the natural sciences rose to over 300,000—
almost as many as the number of such degrees earned in the
European region, and about twice the number earned in the
North American region. Within engineering, selected Asian

2Data in this section are taken primarily from the National Science Foun-
dation, Science Resources Studies Division, Global Database on Human Re-
sources for Science.

3A first university degree refers to completion of an undergraduate
postsecondary degree program. These degrees are classified as level 6 in the
International Standard Classification of Education, although individual coun-
tries use different names for the first terminal degree: e.g., laureata in Italy,
diplome in Germany, maitrise in France, and bachelor’s degree in Asian coun-
tries and the United States.

4Data were available from fewer countries for the 1992 regional totals.
The 1995 European data include some Eastern European countries as well
as Russia. (See appendix table 2-1.) See NSB (1996), appendix table 2-1, for
countries included in 1992 regional totals.

Text table 2-1.

Degree Data Available for
Asia, Europe, and North America

Data availability differs among the countries of these
three regions. Trend data on degrees earned in broad
S&E fields have been developed for 6 Asian econo-
mies—China, India, Japan, Singapore, South Korea,
and Taiwan; 16 Western European countries—Austria,
Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, the Netherlands, Norway, Portugal, Spain,
Sweden, Switzerland, and the United Kingdom; and 3
North American countries—Canada, Mexico, and the
United States. (See NSF 1993 and NSF 1996a.) Re-
cent degree data covering one year only (1993 or 1994),
for selected Central and Eastern European countries
and Russia, were obtained from the Organisation for
Economic Co-operation and Development (1996). In
addition, more of Asia’s developing countries—includ-
ing Indonesia, Malaysia, and Thailand—have begun
collecting and reporting their national education sta-
tistics to UNESCO’s annual survey, providing a more
complete picture of the Asian region.

countries produced over 343,000 degrees, 21 percent higher
than the number of such degrees in Europe (including Rus-
sia), and more than three times the number earned in the North
American region. (See figure 2-1, text table 2-1, and appen-
dix table 2-1.)

Asia

Trend data from selected Asian countries show that for
China, India, Japan, South Korea, Singapore, and Taiwan, the
number of first university degrees in science and engineering
fields increased greatly. Between 1975 and 1995, the total

First university degrees in S&E, by region: 1995 or most recent year

Three-region North
Field total Asia Europe America
First university degrees, all fields ....................... 5,208,205 2,043,677 1,713,423 1,451,105
Science & engineering . 2,146,648 926,426 732,263 487,959
Natural sciences ........ . 764,820 301,877 309,837 153,106
SOCial SCIENCES ....uvveeeceeiieiieeeeciee e s e esaeeeesnaeaea 642,777 280,775 138,896 223,106
ENGINEEring ....cooocueeeiiiiiieciiie e 739,051 343,774 283,530 111,747

NOTES: The requirements for first university degrees in S&E fields are not comparable across or even within the countries included in these three regions,
particularly for European universities. For example, Germany includes both university degrees (with an average duration of 7 years) and Fachhochschulen
degrees (polytechnics of 4.5 years’ average duration) as first university degrees (level 6 in UNESCO classification). Work has been under way for several
years at UNESCO, EUROSTAT, and the U.S. Department of Education to refine the levels of higher education for better comparability across countries.
See, for example, U.S. Department of Education and National Science Foundation, Mapping the World of Education: The Comparative Database System
(CDS) (Washington, DC: 1994). A new UNESCO survey will be designed and implemented by the end of this decade. See appendix table 2-1 for countries

included in each region.

See appendix table 2-1.

Science & Engineering Indicators — 1998
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Figure 2-1.
First university degrees in S&E, by world region:
1995 or most recent year
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number of degrees in the natural sciences earned by students
from these countries nearly doubled, while those in engineer-
ing more than tripled. (See NSF 1993 and appendix table 2-2.)
In the last decade, the average annual growth rate in earned
NS&E degrees in Asia was 4.2 percent. In contrast, in the North
American region, the number of NS&E degrees declined at an
average annual rate of 0.9 percent from 1986 to 1994. (See
“Undergraduate S&E Students and Degrees in the United
States” for further information on U.S. degree trends.)

The biggest increase in NS&E degrees in the Asian region
came as a result of China reopening its universities and expand-
ing its institutions of higher education in the 1980s. (See “Growth
in Institutions of Higher Education in Asia.”’) From 1985 to 1995,
earned degrees in the natural sciences rose from 28,000 to over
54,000; engineering degrees rose from 73,000 to almost 150,000.
China has a strong commitment to higher education in the natu-
ral sciences (stressing the applied side of chemistry, physics, and
biology); in 1995 it produced more than twice as many bachelor’s
degrees in these fields as did Japan. (See appendix table 2-2.)

China has the largest number of NS&E first university
degree recipients at 203,238, followed by India at 176,036,
and Japan at 127,971. However, with the large populations of
China and India, the number of earned degrees represents a
relatively small proportion of the college-age cohort. (See “In-
creasing Participation Rates in NS&E Degrees” later in this
chapter and appendix table 2-1.)

China’s rapid expansion of S&E degrees is partly explained
by demography (its 20- to 24-year-old population equals 100
million) and partly by a national policy to extend higher edu-
cation—particularly in science and engineering—in support
of national economic development.

Europe

The increase in the number of S&E degrees awarded by
higher education institutions in European countries is also
noteworthy. (See “Growth in Institutions of Higher Educa-
tion in Europe.”) From 1975 to 1995, the Western European
countries® collectively more than doubled their annual pro-
duction of first university degrees in S&E. The number of
natural science degrees increased from approximately 56,000
in 1975 to more than 150,000 in 1995. The number of social
science degrees increased from approximately 50,000 in 1975
to over 80,000 in 1995. And the number of engineering de-
grees rose from 51,000 in 1975 to more than 137,000 in 1995.
(See NSF 1996a and appendix table 2-1.)

The European expansion of higher education in science
and engineering, and heavy investments in research and de-
velopment (R&D), underpin a broader effort to maintain and
enhance Europe’s economic vitality through the European
Union (EU). The EU is attempting to integrate the S&E re-
search community and make the region’s high concentration
of science resources even more productive in order to increase
competitiveness at the European and global levels (NSF 1996a).

Germany, France, and the United Kingdom account for
most of this expansion of higher education; students from
these three countries earned more than 60 percent of the first
university degrees awarded in NS&E in Europe. The United
Kingdom democratized its access to higher education through
curricular reform of upper secondary education, providing
the academic background for more students to continue in
school past 16 years of age, with increased options to study
science and subsequently enter the university. These reforms
resulted in a significant increase in the number of NS&E de-
grees earned. Further, the number of UK. degrees sharply
increased in 1992 due to the reclassification of colleges and
polytechnics as universities. In addition to a gradual expan-
sion of higher education, a much larger number of engineer-
ing degrees in Germany resulted from the 1989 reunification
of the former West Germany with the former East Germany,
which—Ilike many Central and Eastern European countries—
had focused much of its higher education on engineering. (See
NSF 1996a and appendix table 2-1.)

North America

Trend data on Canada, Mexico, and the United States show
adecline in earned undergraduate degrees in NS&E from 1986
to 1994.6 This decline is partly accounted for by changes in
the demographics of the United States and Canada: specifi-
cally, the decline in college-age population that began in the
mid-1980s. (See appendix table 2-3.) Initially, this downturn
in the college-age cohort was offset by increasing access to
higher education among all subpopulations. However, this
broader access and increased enrollment in higher education
did not result in larger numbers of bachelor’s degree

SWestern European countries are those within the European Union and
the European Free Trade Association. (See appendix table 2-1.)

®Data are from NSF (1997a), unpublished tabulations.
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Growth in Institutions of Higher Education in Asia

The expansion of higher education institutions in Asia,
particularly for graduate programs, has been financed by
government (Japan), by industry (South Korea), and
through international loans (China).

Japan. Japan greatly expanded its institutions of higher
education in the 1950s. By 1955, there were over 100 public
institutions, including both local and national universities. The
number of public institutions has not significantly increased
since then. In all, 25 national universities and 15 local univer-
sities have been opened in the last 40 years. In contrast, the
number of private institutions has increased rapidly in the last
few decades, reaching over 400 in 1995, and accounting for
around 75 percent of all higher education institutions
(Monbusho 1995). National universities, however, dominate
in the production of doctoral degrees, accounting for 85 per-
cent of NS&E degrees (Monbusho 1995).

About 30 of Japan’s national universities are considered
research universities. In the 1970s, the government Minis-
try of Education, Science, and Culture began building na-
tional inter-university research institutes open to all
university researchers. These provide large-scale, well-
equipped research facilities that can be used for interna-
tional collaboration in specific fields. The first of these
inter-university research institutes was the National Labo-
ratory for Higher Energy Physics. These institutes, now
numbering 15, have the same status as national universities
(Monbusho 1995).

The main science funding agencies in Japan have sharply
increased the amount of competitive research funding to
universities to improve research facilities and personnel.
About a half-dozen research institutes have received large
five-year infusions of funds to enable them to become cen-
ters of excellence in specialized fields—e.g., brain research,
material science, and econometrics (NSF 1997c).

South Korea. The most prestigious institutes of higher
education in South Korea are those few national universi-
ties that survived the 1905-45 Japanese occupation. How-
ever, a substantial network of new higher educational
institutions was created after the Korean War, consisting
of 134 colleges and universities, and 152 junior colleges.
The latter play a key role in the education of scientists and
engineers. In fact, much of the recent rise in postsecondary
educational attainment is seen at the junior college level,
where enrollment nearly doubled between 1990 and 1996
(Government of the Republic of Korea 1996).

South Korea has also expanded graduate S&E programs.
In the 1980s, the Korean Advanced Institute of Science and
Technology was established to increase support for post-
graduate training within South Korea. More recently, Pohang
University of Science and Technology was established by
the industrial giant, Pohang Iron and Steel Corporation, much
as institutions such as Stanford and Carnegie-Mellon were
founded by early U.S. industrialists.

China. In the 1980s, the extensive infrastructure for
graduate training in China was strengthened, after having
been greatly disrupted during the late 1950s and the Cul-
tural Revolution of the 1960s. China’s policy of modern-
ization through science and technology resulted in a

massive investment in higher education institutions, par-
ticularly to increase enrollments in S&E at the undergradu-
ate and graduate levels. The expansion and upgrading of
such institutions were partially financed by a series of in-
ternational loans from the World Bank; from 1981 to 1991,
these loans totaled $1.2 billion. (See text table 2-2.)

China specifically requested international development
assistance loans for higher education as part of its eco-
nomic plan to bolster its high-technology manufacturing
sectors. The loans improved research instrumentation and
computing facilities, allowed both senior scholars and
younger students to study abroad, and provided for several
hundred international advisors to assess departments and
advise on curricular reform (Hayhoe 1989).

Part of China’s strategy was to improve the quality of
teaching and research in higher education by sending se-
lected students to study in foreign universities, especially
in NS&E fields. At first, most students and research schol-
ars were government supported and returned to China af-
ter their studies. Between 1979 and 1988, approximately
19,500 Chinese scholars and graduate students who had
studied in the United States returned to China; they subse-
quently became an important component of China’s sci-
ence and technology resources (Orleans 1988). Currently,
only a small fraction of Chinese foreign students are gov-
ernment supported, and return rates to China are low. (See
“Stay Rates of Foreign Doctoral Recipients in the United
States” later in this chapter.)

There are more than 1,000 higher education institutes in
China. Seventy of them provide four-year university pro-
grams; 43 are comprehensive universities. In 1988, about
86 of China’s higher education institutions were singled out
as centers of excellence for priority funding (NSF 1993).

Text table 2-2.
Recent World Bank education projects in China
(Millions of current U.S. dollars)

Project topic Total Loan Credit VYears
University development | ....... 200 100 100 1981-86
Agricultural education/

research | .......cccooeeeeeiieenene 75 75 1982-88
Polytechnic/TV university ....... 85 85 1983-89
Agricultural education Il ......... 69 45 24 1984-89
Rural health and medical

education ........cccceeeiieneiiennn. 85 85 1984-89
Agricultural research Il ........... 25 25 1984-89
University development Il ...... 145 145 1985-90
Provincial universities ............ 120 120 1985-90
Technical education ............... 130 130 1987-91

NOTE: Loans are funded by the World Bank’s International Bank for
Reconstruction and Development at commercial rates. Credit is
provided by the World Bank's International Development Associa-
tion; this funding is interest free and has lengthy repayment terms.

SOURCE: R. Hayhoe, China’s Universities and the Open Door
(Armonk, NY: M.E. Sharpe, Inc., 1989).

Science & Engineering Indicators — 1998
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Growth in Institutions of Higher Education in Europe

In the 1960s, the accelerated pace of European eco-
nomic development created a demand for more skilled la-
bor, and the expansion of the middle class caused a great
demand for higher education. Governments in Europe re-
sponded to these pressures by forming so-called “non-uni-
versity” tertiary level institutions, such as the Instituts
Universitaires de Technologie in France in 1966, polytech-
nics in the United Kingdom in 1969, and the Fachhoch-
schulen in Germany in 1971 (Academia Europea 1992).
The small number of students in secondary and higher
education in these countries began to expand. Similar in-
stitutions arose throughout other Western European coun-
tries during this period, thus broadening the student base
in higher education. The largest numbers of institutions
are found in Germany, France, and the United Kingdom.

Germany. German higher education takes place at 251
institutions, among them 125 Fachhochschulen and 70 uni-
versities, including 6 private universities. Only university
graduates may continue their studies through doctoral pro-
grams. The university degree in Germany requires a mini-
mum of 4 years of study; the average length of undergraduate
study is 6.5 years. This lengthy first university degree re-
flects both the quality of university education and the great
overcrowding of universities, a phenomenon that occurs
throughout Europe. University education is funded by the
federal government and the Lander (states), and the num-
bers of institutions and faculty positions have not expanded
in proportion to the increasing number of students (Von
Friedeburg 1991). The German Government has established
26 new Fachhochschulen in the former East Germany to
create a more highly skilled labor force and to foster eco-
nomic growth in that region (Government of the Federal
Republic of Germany 1994).

completions in S&E fields. In the United States, the ratio of
NS&E degrees to total first university degrees has declined
from 21 percent in 1987 to 15 percent in 1995. (See NSF
1993 and appendix table 2-6.) In contrast, Mexico has had an
increasing college-age cohort and an expansion of earned uni-
versity degrees from 1980 to 1992, particularly in engineer-
ing. Recent data from Mexico (1993 and 1994) show a decline
in NS&E degrees, but this is due to major changes in taxono-
mies used in the classification of NS&E degrees and in the
graduation requirements within Mexico’s university system.
(ANUIES 1996b.)

Regional Proportions of
S&E Degree Production

Opportunities for S&E education are increasing throughout
the world, consequently, the U.S. proportion of the total is de-
creasing. In 1995, earned degrees in S&E in the North Ameri-
can region represented 23 percent of the three-region total. (See

France. Institutions of higher education in France in-
clude universities; technical institutes; and Grandes Ecoles
of engineering, business, and administration. The vast ma-
jority of students are in universities; only 90,000 students
attend the prestigious Grandes Ecoles (Feldman and
Morelle 1994). Postsecondary two-year technology pro-
grams grew rapidly in the 1980s at the University Insti-
tutes of Technology and the Sections de Technicien
Supérieur (Charlot and Pottier 1992).

United Kingdom. Until recently, higher education in-
stitutions in England and Wales were divided into three
sectors: universities, polytechnics, and colleges. Most pro-
vide three-year degrees (following a 13-year elementary
and secondary program), although degree awards in NS&E
fields usually take four years. The universities are the long-
est established of the three sectors. Colleges were founded
in the late 19th century for training personnel for local
employers. Thirty polytechnics were created in the 1960s
to broaden access to higher education for groups tradi-
tionally underrepresented. They originally were to have a
vocational focus, but the course offerings of the polytech-
nics have gradually become similar to those of universi-
ties. In 1992, most polytechnics attained university status.
The 46 existing universities retained their role as prime
providers of research and still account for the large major-
ity of natural science degrees. Only about half of all engi-
neering and computer science degrees are obtained in
universities, however; the other half are obtained in poly-
technics and specialized colleges (Tarsh 1992).

(For more information on institutions of higher educa-
tion in Germany, France, and the United Kingdom, see
NSF 1996a.)

figure 2-2.) The United States represented less than 18 percent
of such earned degrees. In considering only NS&E fields (ex-
cluding the social sciences), the U.S. proportion is even smaller.

Even though the lack of time-series data for all countries
in these regions prevents a statistically sound comparison of
regional proportions from an earlier period, the higher rate of
change in the distribution of S&E degrees over time in other
world regions has implications for the United States and other
countries. The global diffusion of S&E education also has
implications for the U.S. higher education system. Other coun-
tries’ increasing capacity to educate in advanced levels of S&E
helps explain the decline in foreign student enrollment in en-
gineering programs in the United States. (See “Bachelor’s
Degrees in S&E” and “Trends in Graduate Enrollment™ later
in this chapter.) In addition, the continuing expansion of glo-
bal capacity for S&E education has implications for all na-
tions, since it indicates an increased potential for technological
and economic development worldwide.
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Figure 2-2.
First university degrees in S&E in three world
regions: 1995 or most recent year
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Reasons for the Global Increase
in S&E Education

Demographics

The increase in S&E degree production in Asia is driven by
the expansion of access to higher education for large or grow-
ing populations. Developing countries such as India and China
have large populations in their college-age cohort and increas-
ing participation rates in postsecondary education, while the
industrialized countries of Japan, Western Europe, Canada, and
the United States have declining student populations. Trend data
on China’s 20- to 24-year-old population show a decline from
1990 to 2005, but the number in this age segment is over 100
million for 1998. India’s college-age cohort will have increased
to 88 million by 1998. In contrast, the college-age population
in Western European countries as a whole has declined from 30
million in 1985 to 25 million in 1998, and will continue to de-
cline until 2005. The U.S. college-age cohort has been decreas-
ing since 1980, and will continue to do so until 2000, when this
age segment will slowly begin to rise. Japan’s college-age popu-
lation (10 million in 1995) will decrease by 30 percent in the
next 15 years. (See figure 2-3 and appendix table 2-3.)

Increasing Participation Rates in NS&E Degrees

Taiwan and South Korea dramatically increased their pro-
duction of NS&E degrees from about 2 percent of their 24-
year-olds in 1975 to 6 and 7 percent, respectively, in 1995. (See
figure 2-4.) Japan has consistently had a high percentage of its
24-year-olds completing NS&E degrees since the 1970s; a slight
decline in NS&E recipients in the late 1980s was followed by
yet more growth in the 1990s. (See appendix table 2-1 for 1995
data and NSF 1993 for trend data on Asian countries.)

Asia’s two population giants, India and China, have low at-
tainment rates of NS&E degrees. India, with its huge, growing

Figure 2-3.
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Figure 2-4.
Proportion of 24-year-olds earning NS&E
degrees, by country
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NOTES: European data are for 1975 and 1994; Chinese data are
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NS&E is natural sciences and engineering.
SOURCES: National Science Foundation, Science Resources
Studies Division (NSF/SRS), Human Resources for Science and
Technology: The Asian Region, NSF 93-303 (Washington, DC: 1993);
and NSF/SRS Human Resources for Science and Technology: The
European Region, NSF 96-319 (Arlington, VA: 1996); and appendix
table 2-1.
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population, is maintaining its participation rate of 1.1 percent.
In 1985, just under 0.9 percent of China’s college-age popula-
tion earned a bachelor’s degree, and approximately 0.5 percent
earned a degree in an NS&E field. Within a decade, these per-
centages rose to 1.3 percent with a bachelor’s degree and 0.8
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percent with an NS&E degree, although participation rates are
still far lower than those for developed countries. (See appen-
dix table 2-1; see NSF 1993 for trend data on Asian countries.)
If China continues to increase its participation rate in NS&E
degrees, and India can maintain its current rate with a growing
population, the world stock of science and engineering gradu-
ates will be greatly augmented, and the U.S. share of S&E de-
grees will be reduced.

A declining pool of college-age students in Europe has
not resulted in declining numbers of NS&E degrees, as has
occurred in the United States. Rather, participation rates in
higher education and NS&E degrees, previously low, have
grown to more than offset the declining population. In Fin-
land, for example, 9 percent of the college-age cohort obtains
a university degree in the natural sciences or engineering—
one of the highest participation rates in the world.

Differences in Participation Rates by Sex

The growth in participation rates in NS&E degrees dif-
fers considerably for males and females across countries.
Japan shows the largest disparity in completion of NS&E
degrees by males and females of college age. In 1995, more
than 11 percent of males in the college-age population earned
an NS&E degree. One percent of Japan’s females earned
such a degree. South Korea has a similarly high percentage
of college-age males earning an NS&E degree, and 4 per-
cent of its female college-age population earned such a de-
gree. In the United States, 7 percent of college-age males
earned an NS&E degree, as did almost 4 percent of females.
(See appendix table 2-4.)

In countries of the three world regions examined, women
have been particularly successful in earning degrees in the
natural sciences and the social sciences. By 1995, women
earned 50 percent of the natural science degrees in higher
education institutions in the United Kingdom, 54 percent in
Italy, 47 percent in the United States, and 44 percent in South
Korea. In most countries in the three regions, women have
also earned the majority of first university degrees in the so-
cial sciences. The notable exceptions are Japan and South
Korea, where women earn only a modest proportion of social
science degrees—19 and 27 percent, respectively. Women in
all countries are considerably less likely to earn degrees in
engineering. (See appendix table 2-5.)

Focus on S&E in Higher Education

Part of the reason for this rapid Asian growth has been
the greater focus on these fields within Asian universities,
with high quotas set for enrollments in these departments.
Reflecting China’s strategy to develop its economy through
science and technology (see “Growth in Institutions of
Higher Education in Asia”), 72 percent of its first univer-
sity degrees are earned in S&E fields. In addition, about 67
percent of Japanese degrees and 46 percent of South Ko-
rean were in these fields. Among European countries, 46
percent of first university degrees in Germany and Finland
are in S&E. Russia and Central and Eastern European coun-

tries are similarly focused on science and engineering. In
contrast, less than one-third of first university degrees
(bachelor’s degrees) in the United States are earned in S&E.
(See appendix table 2-6.)

Characteristics of U.S. Higher
Education Institutions

The United States has a large and diversified set of insti-
tutions of higher education that provides a college or univer-
sity education to over one-third of the U.S. college-age
population. (See appendix table 2-1.) This access to higher
education ranks the United States among those countries with
the most open education systems in the world.

In the United States, there were 3,681 (1,594 public and 2,087
private) institutions of higher education in 1995 (HEP 1997).
These institutions enrolled 14.4 million students at all degree
levels (associate, bachelor’s, master’s, and doctoral) in that year
and awarded 2.2 million degrees, almost one-quarter of which
were in S&E. (See figure 2-5.) The Carnegie Foundation for the
Advancement of Teaching has classified these institutions into
10 categories based on the size of their baccalaureate and gradu-
ate degree programs, the amount of research funding they re-
ceive, and—for baccalaureate colleges—their selectivity.”
Following is a brief description of these categories.

@ Research universities I. These institutions offer a full range
of baccalaureate programs, are committed to graduate edu-
cation through the doctorate, and give high priority to research.
They award 50 or more doctoral degrees each year, and re-
ceive $40 million or more annually in federal support.

@ Research universities I1. These institutions are the same
as research I, except that they receive between $15.5 mil-
lion and $40 million annually in federal support.

¢ Doctorate-granting I. In addition to offering a full range
of baccalaureate programs, the mission of these institu-
tions includes a commitment to graduate education through
the doctoral degree. They award 40 or more doctoral de-
grees annually in at least five academic disciplines.

& Doctorate-granting II. These institutions are the same as
doctorate-granting I, except that they award 20 or more
doctoral degrees annually in at least one discipline or 10
or more doctoral degrees in three disciplines.

¢ Master’s (comprehensive) universities and colleges I.
These institutions offer baccalaureate programs and, with
few exceptions, graduate education through the master’s
degree. More than half of their baccalaureate degrees are
awarded in two or more occupational or professional
disciplines, such as engineering or business administration.

"The Carnegie classification is not an assessment guide, nor are the dis-
tinctions between classification sublevels (e.g., research I and research II)
based on institutions’ educational quality. Baccalaureate college I institu-
tions exercise more selectivity regarding students than do baccalaureate col-
leges II, but in general the Carnegie categories are a typology, not a rank
ordering.
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Figure 2-5.
U.S. higher education in 1995: Students, institutions, and degrees

Where are they enrolled?

2,771,455 in 126 research | & Il institutions

1,297,354 in 109 doctorate-granting | & Il institutions

14.4 miIIio

1,076,770
students in 625
er_lrolled liberal arts |
in 3,600 5,406,744 in 1,473 two-year institutions and Il

institutions...

496,508 in 352
How many degrees do they obtain? specialized

institutions
561,744

236,812

\ 174,966

545,801

...earn 2.2 million
degrees...

66,841
How many degrees in S&E?

231,453
...of which 523,000 are in S&E:

[0 25,921 doctorates
[0 94,309 master's degrees
0 378,148 bachelor’s degrees 72,062

[0 24,228 associates degrees
\' 52,222
\__/

7 24,228
7,458

NOTE: This figure represents relative sizes of enroliments and degrees within Carnegie categories of institutions in 1993. It does not depict the dynamics of
higher education or the movement of students among institution types prior to graduation.

See appendix tables 2-8, 2-9, 2-10, and 2-18. Science & Engineering Indicators — 1998
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The U.S. Higher Education System

The U.S. system of higher education is character-
ized at the undergraduate level by diverse institutions
that provide flexible access to higher education for a
broad range of U.S. citizens. At the graduate level, the
system serves not only U.S. students but international
students as well. Demographic changes (for example, a
pending upturn in the population of college-age students,
with higher percentages of minorities underrepresented
in S&E), the increasing capabilities of other nations,
and job-seeking experiences of recent graduates are
prompting a reexamination of the U.S. system of higher
education.

At the undergraduate level, the U.S. system provides
access for a broad cross-section of citizens. About one-
third of the college-age cohort completes a college or
university education in some field. Although some Eu-
ropean countries are approaching this high level of ac-
cess, the European region as a whole reaches only about
half that proportion of its college-age cohort. Contrib-
uting to this broader U.S. access is the expansive insti-
tutional base of U.S. higher education, which allows
for flexibility in transferring among institutions and di-
verse attendance patterns. Over one-third of the 15 mil-
lion students in U.S. higher education are in community
colleges. These institutions let students transfer credits
to four-year colleges and universities; they also provide
considerable remedial coursework for students who were
not well-served by, or well-motivated during, their high
school education. (Chapter 1 discusses this phenom-
enon, with particular reference to middle and high school
teachers teaching out of their field, especially in math
and science.)

This expansive institutional base, however, is also
characterized by uneven quality and highly differential
resources. Many minority students are in community
colleges; although this can facilitate their continuation
in the higher education system, this level of the system
is the most poorly funded and has the worst track record
for graduation. Only a small percentage of minority stu-
dents or students from poor families completes an as-
sociate degree in an S&E field and subsequently enters
a four-year institution. Moreover, since most mathemat-
ics courses at the community college level are reme-
dial, they are not transferable to four-year institutions.
This route in the U.S. higher education system has not
yet resulted in commensurate representation of minor-
ity groups in earned degrees in science, mathematics,

and engineering. (See “S&E Human Capital Develop-
ment: Continued Unevenness Across Demographic
Groups” later in this chapter.)

With its blend of advanced coursework and research
experience, U.S. graduate education in S&E is considered
to be among the best in the world. In the last 10 years, U.S.
graduate programs have expanded, particularly at the doc-
toral level. Academic R&D has also grown during this pe-
riod, and an increasing number of foreign students have
enrolled in U.S. graduate S&E programs. Between 1985
and 1995, the number of doctoral degrees awarded in en-
gineering, mathematics, and the computer sciences doubled.
Much of this growth was due to foreign doctoral recipi-
ents, many of whom earned their S&E degrees while sup-
ported as research assistants. Postdoctoral positions
increased at almost the same rate, and foreign students
earned an increasing proportion of these appointments—
slightly more than half by the 1990s. (See chapter 5, “Inte-
gration of Research With Graduate Education.”) Beginning
in 1993, however, foreign student enrollment in U.S. gradu-
ate S&E programs experienced a decline, which, if it con-
tinues, will reduce the proportion of S&E degrees and
postdoctoral appointments awarded to foreign students.

Decisionmakers throughout the U.S. higher education
system are examining both undergraduate and graduate lev-
els to broaden participation of all groups in science and
engineering, and to broaden career choices for those with
advanced degrees. At the undergraduate level, a revitaliza-
tion of science and mathematics curricula is aimed at bet-
ter teaching of all students, enhanced teacher preparation
for K-12 programs, and greater retention of students in S&E
departments. Educators are forming partnerships between
the faculties of two- and four-year schools to improve aca-
demic courses at community colleges and establish agree-
ments for transferring credits. In graduate education, the
appropriateness of current training for careers in industry
as well as in academia is being examined.

Reforms in U.S. higher education are particularly im-
portant in light of ongoing demographic changes. A two-
decade-long decline in the college-age cohort in the
United States reduced the traditional college-age popula-
tion from 22 million in 1980 to 17 million in 1995. This
declining trend is expected to reverse itself in the year
2001. The projected increasing student population will
then create a demand for yet further expansion of the U.S.
higher education system.
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All of the institutions in this group enroll at least 2,500
students.

& Master’s (comprehensive) universities and colleges I1.
These institutions are the same as master’s universities and
colleges I, except that all of the institutions in this group
enroll between 1,500 and 2,500 students.

¢ Baccalaureate (liberal arts) colleges 1. These highly se-
lective institutions are primarily undergraduate colleges
and award more than 40 percent of their baccalaureate
degrees in liberal arts and science fields.

& Baccalaureate (liberal arts) colleges I1. These institutions
are primarily undergraduate colleges that award less than
40 percent of their degrees in liberal arts and science fields.
They are less restrictive in admissions than baccalaureate
colleges I.

& Associate of arts (two-year) colleges. These institutions
offer certificate or degree programs through the associate
degree level and, with few exceptions, offer no baccalau-
reate degrees.

& Professional schools and other specialized institutions. These
institutions offer degrees ranging from the bachelor’ to the
doctorate. At least half of the degrees awarded by these
institutions are in a single specialized field. These institu-
tions include theological seminaries, bible colleges, and other
institutions offering degrees in religion; medical schools and
centers; other separate health profession schools; law schools;
engineering and technology schools; business and manage-
ment schools; schools of art, music, and design; teachers’
colleges; and corporate-sponsored institutions.

After several decades of continual and rapid expansion of
higher education in the United States, enrollment fell for the
first time in 1993; it has continued to decline each year since
then. (See figure 2-6 and appendix table 2-8.) This decline is
partially based on demographics: the U.S. college-age popu-
lation declined from 22 million in 1980 to 17 million in 1995.
(See appendix table 2-3.) However, the decline in the col-
lege-age population was offset for over a decade by expanded
access to higher education for all subpopulations, particu-
larly women and minorities, and enrollment by larger num-
bers of older students. The U.S. college-age cohort will again
increase beginning in 2001, and higher education enrollments
are expected to increase concurrently.

A diverse spectrum of institutions contributes to the S&E
degrees in the United States. The country’s 126 research uni-
versities provide the majority of engineering degrees and a large
proportion of natural and social science degrees at both the
graduate and undergraduate levels. (See figure 2-7.) In 1995,
research universities enrolled only 19 percent of all students in
higher education, but produced over 46 percent of all S&E de-
grees. (See appendix tables 2-8 and 2-9.) In contrast, the asso-
ciate of arts colleges enroll a large proportion of all students in
higher education, but account for only a small percentage of
S&E degrees. In 1995, only about 10 percent of the over 5.4

Figure 2-6.
U.S. enroliment in higher education,
by institution type
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million students attending junior colleges completed an asso-
ciate degree—Iless than 1 percent in an S&E field. These two-
year colleges, however, provide continuing education and
flexibility in the U.S. higher education system, allowing stu-
dents to complete needed work-related courses or to obtain cred-
its for transfer to a four-year college or university. (See “The
U.S. Higher Education System.”)

Undergraduate S&E Students
and Degrees in the United States

Recent Trends in College Enroliment

For almost a decade starting in 1984, undergraduate enroll-
ment in U.S. institutions of higher education showed strong
growth, peaking in 1992 with nearly 12.7 million students.
Undergraduate enrollment has declined slightly each year since,
mainly from the decrease in the college-age cohort of the ma-
jority (white) population. The continuing increase in enroll-
ment for all minority groups did not make up for the loss of
white enrollment, resulting in an overall decrease.

The trend of increasing enrollment in undergraduate pro-
grams by underrepresented minorities has persisted for over a
decade and accelerated in the 1990s. Black enrollment increased
3.6 percent annually in the 1990s, reaching 1.3 million in 1995.
In the same period, Hispanic enrollment in higher education
increased at an even faster rate (7.1 percent annually.) These
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Figure 2-7.
Bachelor’s and master’s degrees awarded in S&E, by institution type: 1995
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national trend data bear watching as some states change affir-
mative action programs. Undergraduate enrollment of foreign
students grew very modestly in the past two decades; in 1995,
foreign students still represented only 2 percent of total under-
graduate enrollment. (See appendix table 2-11.)

Characteristics of American College
Freshmen Planning to Major in S&E

Need for Remedial Work
in Mathematics and Science

One indicator of the readiness of American students for
college-level S&E courses is their self-reported need for re-
medial work in mathematics and science. The percentage of
freshmen reporting a need for such remedial work has re-
mained high, particularly for women and minorities. In 1995,
of those freshmen planning to major in science or engineer-
ing, over 16 percent of the males and over 26 percent of the
females thought they would need remedial work in math.
Among freshman students from underrepresented minority
groups planning to major in S&E, over 38 percent reported
that they would need remedial work in math. This self-re-
porting of the need for remedial work differed by planned
major. Fewer of the students planning a major in the physical
sciences or engineering reported needing remedial math, as
compared to those planning a major in the social or biologi-
cal sciences. (See figure 2-8.) Over 20 percent of minority
students planning a major in the biological sciences or engi-
neering thought they would need remedial work in science.

Freshmen Intentions to Major in S&E

Among the majority (white) population, about one-third
of the freshman have traditionally contemplated a major in
an S&E field; most of these intend to major in a field of natu-

Figure 2-8.

ral or social science, with smaller percentages selecting math-
ematics, the computer sciences, or engineering. From the late
1970s on, the percentage of freshmen planning an engineer-
ing major has remained relatively constant, at around 9 per-
cent. During the same period, mathematics and computer
sciences have been the intended majors of around 2 percent
of incoming freshmen. Freshmen have fluctuated more in their
choice of natural science and social science majors. After a
decade-long decline in the selection of natural sciences as a
possible major, the trend reversed in 1987, increasing to around
12 percent by 1996. The social sciences have become more
attractive majors, but not as popular as the natural sciences.
(See appendix table 2-15.)

Planned Majors and Completion
Rates by Sex and Race/Ethnicity

Trends in freshman choice of major show differences by
sex and race/ethnicity. Asian American students are moving
away from a very high concentration of S&E majors—par-
ticularly in engineering—and are majoring in a broader range
of fields. While still relatively high, the proportion of Asian
American males choosing engineering as freshmen declined
from 38 percent in 1980 to 23 percent in 1996. For many
years, higher proportions of black and Hispanic males have
chosen engineering than have white males, and a higher pro-
portion of black females than white females have chosen to
major in mathematics and computer sciences. Women of ev-
ery race/ethnicity, however, show an increase in choice of
natural sciences. (See appendix table 2-15.)

An increasing proportion of those students planning to ma-
jor in S&E fields are from underrepresented minority groups.
In 1996, underrepresented minorities accounted for 15 to 21
percent of those planning to major in the following fields:
physical sciences, biological sciences, social sciences, and

Freshmen reporting need for remedial work in science or math, by intended major: 1995
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Figure 2-9.
Minority representation among freshmen planning
to major in an S&E field
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engineering. In 1976, underrepresented minorities accounted
for between 9 and 15 percent of those planning to major in
these fields. (See figure 2-9.)

A substantial fall-off occurs between freshmen declara-
tion of intent to study S&E fields and actual completion of
S&E degrees (Astin and Astin 1992).2 This fall-off differs by
race, particularly in NS&E fields. There is some fall-off among
the majority (white) students: 12 percent intend to major in
natural sciences and 9 percent in engineering, but only 8 per-
cent of degrees earned by white students are in the natural
sciences and only 5 percent in engineering. A larger fall-off
occurs among underrepresented minority groups. Ten percent
of black students intend to study a field of natural science,
but only 5 percent of degrees earned by blacks are in these
fields. Further, 9 percent of black students intend an engi-
neering major, but only 3 percent of undergraduate degrees
earned by black students are in engineering. (See appendix
tables 2-15 and 2-21.)

Engineering Enroliment

Engineering programs require students to declare their
major as freshmen, allowing engineering enrollment to be used
as an early indicator of undergraduate degrees. The composi-

8Freshman intention data are estimates based on a sample of surveyed
students, while degree data are the universe of earned degrees. Therefore,
the fall-off in percentages for intentions and actual degrees cannot be mea-
sured precisely. Further, the data are not limited to freshmen who actually go
on to earn degrees. The comparison does, however, show that there is a fall-
off, and that the magnitude is greater for minority students.

tion of enrollment can also be used as an indicator of partici-
pation rates of women and minorities. Undergraduate engi-
neering enrollment declined from a high of 441,205 students
in 1983 to 356,177 students in 1996, representing a 19 per-
cent reduction. The decline was neither smooth nor continu-
ous. Engineering enrollment stabilized for several years (1989
to 1992) before resuming its decline. Part-time student en-
rollment, which accounts for about 10 percent of overall en-
rollment, has remained relatively stable during the last decade.
The relative steadiness of engineering enrollment in the early
1990s is reflected in the stable number of engineering de-
grees in the 1993-95 period. (See appendix tables 2-13 and
2-20). However, the decline in overall engineering enrollment
from 1993 portends a decline in engineering degrees at the
end of the decade and in the year 2000.

While overall undergraduate engineering enrollment has
been declining, enrollment of women and minorities has been
increasing, particularly in the 1990s. The number of female
students enrolled in engineering increased from 61,000 in 1990
t0 68,000 in 1996. For underrepresented minorities, the increase
was greater, from 41,000 in 1990 to almost 54,000 in 1996. By
1996, female students represented 19 percent of total under-
graduate engineering enrollment, and underrepresented minori-
ties represented 15 percent of such enrollment. Concurrently,
the number of foreign students enrolled in U.S. undergraduate
engineering programs has been decreasing, in response to en-
hanced capacity in engineering programs abroad. (See figure
2-10 and appendix table 2-14.)

Science and Mathematics Coursetaking

Universities strive to address the academic needs of stu-
dents in all majors. In addition to S&E, disciplines that re-
quire a grounding in mathematics and science include K-12
education, business, and law, among others. With the increas-
ing interplay of science and technology in our society, all citi-
zens benefit from a higher level of technological literacy and
an understanding of the methods and processes of science.

Curricular Reform

In the 1990s, many S&E departments have designed or
adapted new curricula to broaden the attraction to, and suc-
cess with, science and engineering courses. For example, sev-
eral academic institutions have initiated “calculus reform,” a
movement to align calculus instruction more closely with theo-
ries of how students learn; others have created multimedia
software modules to enhance visualization for students not
majoring in science. A large number of institutions have
adopted or designed revitalized curricula or variations of these
reforms. (Advisory Committee to NSF/EHR 1996). By 1995,
22 percent of the 372,000 students enrolled in calculus 1 and
2 were using a reform text® along with various other innova-
tions, such as graphing calculators, writing and computer as-
signments, and group projects (Rung 1997).

9A text reflecting the pedagogical principles of the reform calculus move-
ment.
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Figure 2-10.

Representation of women and minorities in undergraduate engineering enroliments
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Number of Courses Taken
in Science and Mathematics

Recent data from the Longitudinal Study of American
Youth (LSAY) reveal some facts about coursetaking behavior
in science and mathematics among those who attended two-
or four-year colleges and universities. As expected, science,
engineering, and mathematics majors report a far higher num-
ber of completed mathematics and science courses than non-
S&E majors. Over half of the mathematics and engineering
majors report five or more courses in mathematics. Over 90
percent of the science majors report five or more courses in
science. However, many non-S&E majors are taking math-
ematics and science courses beyond the general education
requirements (in a liberal arts program, typically two math-
ematics courses and two science courses to graduate). Over
half of the education majors who earned a bachelor’s degree
took three to four mathematics courses, with over 40 percent
taking three to four courses in science and 25 percent taking
even more. (See appendix tables 2-22 and 2-23.)

Level of Mathematics Courses
in Undergraduate Education

Every five years since 1970, the Conference Board of the
Mathematical Sciences (CBMS) has conducted a survey of a
sample of four-year college and university departments of
mathematics and two-year college programs in mathematics.
These data are important in estimating overall enrollment
trends, as well as in breaking out trends in mathematics courses
taken by level of difficulty. Estimates of overall enrollment
in courses taken in mathematics departments in four-year in-
stitutions declined substantially from the peak years of 1985

Science & Engineering Indicators — 1998

and 1990, as fewer undergraduate students majored in math-
ematics or took calculus or advanced level coursework.

The CBMS data show that mathematical enrollment trends
differed by level of institution as well as level of difficulty.
Enrollment increased in precalculus courses designed prima-
rily for liberal arts students in four-year colleges and universi-
ties, and in remedial mathematics courses in two-year colleges.
In 1995, at the community college level, over half (57.8 per-
cent) of the enrollment in mathematics classes was for reme-
dial level courses. This high proportion of remedial mathematics
at the community college level has existed since 1985. In 1970,
remedial courses in community colleges represented about one-
third of all mathematics courses. Within four-year college and
university mathematics departments, the estimated enrollment
in remedial level courses has remained at about 15 percent of
total mathematics enrollment since 1980. The proportion of
mathematics enrollment in advanced courses has remained
within a range of 6 to 9 percent since 1980, with enrollment in
precalculus and calculus each accounting for about 40 percent
of total mathematics enrollment). (See text table 2-3.)

Associate Degrees in S&E

At the associate degree level, the number of degrees in
engineering technology has fallen precipitously, from 51,000
earned degrees in 1983 to 39,000 degrees in 1995. (See ap-
pendix table 2-18.) Between 1994 and 1995, the number of
degrees decreased in all fields of S&E. This decline in asso-
ciate degrees in S&E holds regardless of race/ethnicity. (See
appendix table 2-19.) The one exception is Asian American
students: in the sciences, their number of earned degrees is
increasing slightly.
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Text table 2-3.

Estimated enroliment in undergraduate mathematics courses

(Thousands)
Fall enrollments in math departments Fall enroliments in math programs
of four-year institutions of two-year institutions
Course level 1970 1980 1985 1990 1995 1970 1980 1985 1990 1995
All math courses ................. 1,188 1,525 1,619 1,619 1,469 555 925 900 1,241 1,384
Remedial ........cccoeeniivriennnn. 101 242 251 261 222 191 441 482 724 800
538 602 593 592 613 134 180 188 245 295
414 590 637 647 538 59 86 97 128 129
135 91 138 119 96 0 0 0 0 0
171 218 133 144 160

NOTE: Precalculus-level mathematics courses include algebra and trigonometry courses, as well as courses for nonscience majors, finite mathematics,
non-calculus-based business mathematics, and mathematics for prospective elementary school teachers.

SOURCE: D.C. Rung, “A Survey of Four-Year and University Mathematics in Fall 1995: A Hiatus in Both Enroliment and Faculty Increases,” Notices of the

AMS, Vol. 44, No. 8 (September 1997): 923-31.

The declining trend in associate degree completions may
be partly explained by the changing roles of junior colleges
in the United States. Community colleges now go far beyond
providing associate of arts degrees. They provide short
courses, train in work-related technical skills, and serve as
feeder schools to four-year colleges and universities. In con-
trast to the junior college level in many other countries— such
as Japan and France—this level of higher education in the
United States provides flexibility, allowing individuals to take
courses outside of a degree program, as well as transition to
more advanced levels of higher education. Many associate of
arts colleges have an agreement with four-year schools to al-
low transfer of credits. For example, California encourages
students to begin their college studies at a local community
college, with the understanding that they will be admitted to
a state university for their third and fourth years of a bachelor’s
degree.

Community colleges also pioneered distance learning to
reach large numbers of students within their geographic re-
gion, and are partnering with universities to provide distance
learning with local laboratory work. (See “Distance Learn-
ing and Its Impact on S&E Education.”)

Bachelor’s Degrees in S&E

Except for a brief decline between 1986 and 1989, the num-
ber of earned bachelor’s degrees in S&E from U.S. institutions
has been increasing for over a decade, rising from over 307,000
in 1981 to 378,000 in 1995. Trends in earned S&E degrees in
U.S. institutions, however, differ widely by field. In the natural
sciences, a long slow decline from 1976 to 1990 ended, shift-
ing to an upturn in such degrees during the 1990s. Natural sci-
ence degrees increased 7.7 percent annually from 1990 to 1995,
with stronger than average growth in the biological and envi-
ronmental sciences, but only modest (2 percent) growth in the
physical sciences. The number of completed math and com-
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puter science degrees declined from 1975 to 1979, then climbed
steadily reaching almost 59,000 degrees in the peak year of
1986. Attraction to the computer sciences dropped precipitously
from 1986 to 1991, followed by slight decreases to 1995. The
number of social science degrees awarded, after record growth
between 1986 and 1992 (averaging 6 percent annually), has
remained stable for the last four years. Engineering degrees,
whose numbers also peaked in 1986 following a decade of
strong growth—particularly in electrical and mechanical engi-
neering—declined until 1991 and then stabilized. The slight
annual growth rate in engineering degrees from 1991 to 1995
is mainly accounted for by the increasing number of degrees in
chemical and civil engineering. (See figure 2-11 and appendix
table 2-20.)

Figure 2-11.
Bachelor’s degrees awarded in S&E
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See appendix table 2-20. Science & Engineering Indicators — 1998
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Distance Learning and Its Impact on S&E Education

Virtually all of the 300 engineering programs in the
United States have some form of continuing education
with distance learning for a local area; less prevalent
but growing is generalized distance learning, with course
material on the Internet. Students are increasingly par-
ticipating in fully developed S&E lessons at home, at
the office, in a library carrel, or even at another univer-
sity. The impetus for distance learning stemmed from
the responsibility of community colleges to serve a large
number of students within a geographic region, and their
need to develop off-site learning centers. In a 1991 sur-
vey by the American Association of Community and Jun-
ior Colleges, 80 percent of community colleges and 78
percent of universities had plans to provide distance
learning by 1994 (Brey 1991).

S&E higher education has benefited from advances in
distance learning. In the 1980s, television became an in-
strumental medium for developing courses and degree
programs at the undergraduate and graduate levels. One
example is the University of California at Davis Instruc-
tional Television program. Classes are broadcast live dur-
ing the workday, and students usually enroll in one course
per quarter. Full-time professional engineers obtain a
master’s degree in approximately three years and a doc-
toral degree within five to six years.

Telecommunications and satellite delivery make it pos-
sible for students to obtain their degrees almost anywhere
in the world. Colleges and universities are using these
support technologies to augment their existing distance
learning programs—e.g., fax, CD-ROM, e-mail, two-way
audio, and teleconferencing. (See text table 2-4.) For ex-
ample, the National Technological University, a consor-
tium of 47 leading engineering universities, offers 1,200
courses and 13 master’s degree programs in science and
engineering.

The Internet offers a fundamental advancement in dis-
tance learning delivery. The new Internet applications for
audio, video, and two-way communication are expected
to integrate the previous advancements in distance learn-

Bachelor’s Degrees by Sex

These recent trends in earned degrees for S&E fields show
a similar pattern for both males and females, with a few ex-
ceptions in the social sciences and engineering. After 1993,
degrees earned by males decreased slightly in the social sci-
ences, while females maintained their high number of de-
grees in these fields. In engineering, females increased their
earned degrees in the 1990s, particularly in chemical and civil
engineering. In the same period, degrees in engineering earned
by males declined slightly. (See figure 2-12.)

Over the past two decades, the proportion of S&E de-
grees earned by females has increased considerably, particu-

ing technologies into a single medium. Schools are be-
ginning to experiment with on-line courses; for example,
the University of Phoenix offers on-line courses that
present workshops, homework, and even the final exam
via the Internet. The Internet’s impact on S&E higher edu-
cation is not clear at this time, but several S&E associa-
tions are actively discussing its potential. (For more
information, see chapter 8, “IT, Education, and Knowl-
edge Creation.”)

Text table 2-4.
Percentage of academic institutions using various
technologies in distance learning programs

Four-year Two-year
universities colleges
Technology 1991 1994 1991 1994
Audio
teleconferencing ......... 30.0 37.0 12.0 25.0
Audiographics ............... 10.0 22.0 5.0 14.0
Cable television............. 22.0 45.0 14.0 35.0
Compressed
video/phone ................ 13.0 35.0 3.0 16.0
ITES .o 29.0 46.0 16.0 34.0
Microwave..................... 25.0 37.0 12.0 27.0
Satellite (full motion)...... 33.0 52.0 15.0 30.0
Satellite (VSAT) .............. 1.0 18.0 0.5 8.0

NOTES: Audio teleconferencing refers to telephone lines used to
create interactivity among several sites. Audiographics is audio
teleconferencing in conjunction with computer technologies to
include graphics and still images. Compressed video/phone is
compressed video via telephone lines. ITFS is instructional television
fixed service (broadcast). Satellite (full motion) is full motion analog
video transmission. Satellite (VSAT) is very small aperture terminals,
interactive digital video network. 1994 data represent projected
usage.

SOURCE: Ron Brey, “U.S. Postsecondary Distance Learning
Programs in the 1990s: A Decade of Growth,” a research project of
the Instructional Telecommunications Consortium/American
Association of Community and Junior Colleges (Washington, DC:
American Association of Community and Junior Colleges, 1991).
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larly in the natural sciences and engineering. In 1975, females
earned about one-quarter of the degrees in the natural sci-
ences and 2 percent of those in engineering. By 1995, fe-
males earned 59 percent of social science degrees, 47 percent
of natural science degrees, 35 percent of mathematics and
computer science degrees, and 17 percent of the engineering
degrees. (See appendix table 2-20.)

Bachelor’s Degrees by Race/Ethnicity/Citizenship

Trends in S&E bachelor’s degrees also differ by race/
ethnicity, with white students earning fewer degrees in 1995
than in earlier years, and minority groups continuing their
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growth in earned degrees in these fields. The number of de-
grees earned by white students is slowly decreasing in all fields
except the natural sciences.

In contrast, the number of degrees earned by under-
represented minorities in the United States—blacks, Hispan-
ics, and Native Americans—is increasing slightly in NS&E
fields and very rapidly in the social sciences. (See “S&E
Human Capital Development: Continued Unevenness Across
Demographic Groups.”) In addition, the number of degrees
earned by Asian Americans is increasing sharply in the natu-
ral and social sciences. (See appendix table 2-21.)

Foreign students have increased their earned degrees in
the social sciences, but since 1981 have sharply decreased
their degrees in engineering from U.S. institutions, as dis-
cussed in more detail below. The capacity to educate engi-
neering students at the undergraduate level has increased

dramatically in other world regions, and fewer foreign stu-
dents are using U.S. universities for engineering education.

Participation Rates by Sex and Race/Ethnicity

The United States is one of the leaders in the world in
providing access to higher education and ranks high among
the major industrialized countries in the proportion of its
population with an S&E background. These national statis-
tics, however, do not apply to all fields or to all minority
groups. In 1995, for the country as a whole, over 32 percent
of the college-age population had completed a bachelor’s de-
gree in some field, and over 5 percent had earned a bachelor’s
degree in an NS&E field. But in that same year, only about
15 percent of black and Hispanic youth earned a college de-
gree, and only about 2 percent of black and Hispanic youth
earned a bachelor’s degree in an NS&E field. In contrast, Asian

S&E Human Capital Development:
Continued Unevenness Across Demographic Groups

Beginning in the early 1980s, increasing numbers of
women and minorities entered U.S. higher education. For a
decade, the broadened entry of these groups fueled the ex-
pansion of enrollment in U.S. higher education and helped
offset the trend of a declining U.S. college-age cohort. How-
ever, this broader access and increased enrollment in higher
education did not concurrently result in larger numbers of
S&E degree completions for women and minorities in all
S&E fields at all levels. The pattern of participation is stron-
ger in overall enrollment than in completed S&E degrees,
stronger for females than for males in all underrepresented
minority groups, stronger at the undergraduate than gradu-
ate level, and stronger in the natural and social sciences
than in computer sciences and engineering.

Women. In the last decade, women achieved a higher
rate of growth in undergraduate enrollment than men,
particularly women in minority populations. Women now
constitute 56 percent of undergraduate enrollment and
an even higher percentage among minority populations.
Women of every racial/ethnic group are increasingly
choosing majors in the natural sciences and social sci-
ences. At the bachelor’s level, women now earn over half
of the social science degrees and almost half of natural
science degrees. However, women are less fully repre-
sented at the graduate level; in 1995, they accounted for
38 percent of total graduate enrollment. Women earned
the majority of master’s degrees in the social sciences
and 41 percent of the master’s degrees in the natural sci-
ences. Women are least fully represented at the doctoral
level. While women earn half of the doctoral degrees in
the social sciences and 32 percent of the degrees in the
natural sciences, they earn only 20 percent of the doc-
toral degrees in mathematics and computer sciences and
less than 12 percent of doctoral engineering degrees.

Underrepresented minorities. The trend of increasing
enrollment in undergraduate programs by underrepresented
minorities has persisted for over a decade and accelerated
in the 1990s, particularly for Hispanic populations. While
minority groups indicate high aspirations to study S&E
(as measured by freshman intentions), a substantial fall-
off occurs between freshman declaration of intent and ac-
tual degree completion. This fall-off is greater for
underrepresented minorities than for the majority popula-
tion. Women and minority students are more likely to re-
port a need for remedial work in mathematics and science
than the majority male population. (Chapter 1 further dis-
cusses the large gap between minority students and the
overall student population in number of science and math-
ematics courses taken.) There has been modest progress
in minority participation in S&E degree completions. From
1975 to 1995, S&E bachelor’s degrees earned by minori-
ties increased from 6 to 8 percent of total such degrees.
(Underrepresented minorities are around 28 percent of the
college-age cohort.) Only about 2 percent of the 24-year-
olds in underrepresented minority populations hold a
bachelor’s degree in NS&E—Iess than half the rate of the
majority white population.

Progress for underrepresented minorities in S&E
graduate enrollment has been very modest. In 1975, they
accounted for 3.7 percent of S&E graduate enrollment;
by 1995, they accounted for 5.0 percent. Minority stu-
dents are underrepresented in S&E graduate degrees.
They earn 7 percent of the master’s degrees in S&E fields
and less than 5 percent of the doctoral degrees. Women
in these minority groups earn the majority of these de-
grees. (See NSF 1996f for disaggregated degree data by
sex within each racial/ethnic group.)
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Figure 2-12.
Bachelor’s degrees awarded in S&E, by sex
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See appendix table 2-20.

Americans, representing only 4 percent of the U.S. popula-
tion, have considerably higher than average participation rates:
almost 40 percent obtained a bachelor’s degree, and over 12
percent earned such a degree in NS&E.

Recent participation rates do show some progress toward
more diversity in higher education in general and in S&E
fields, compared with 1980 and 1990 data. (See text table
2-5.) Low participation rates for blacks and Hispanics changed
little throughout the 1980s, although they improved consid-
erably in the 1990s, particularly in the social sciences. In 1995,
3.8 percent of the U.S. female population earned an NS&E
degree, compared to 2.1 percent in 1980.

U.S. Students Studying Abroad

A recent study highlights the core elements of an interna-
tional education that will be important for American youth
preparing to work in the global economy of the 21st century
(ITE 1997). Referred to as “transnational competence,” this
education involves a combination of cultural and technical
skills, including:

4 knowledge of commercial, technical, and cultural devel-
opments in a variety of locales;

4 understanding of local customs and negotiating strategies;
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¢ facility with English and at least one other major language;
4 facility with computers; and

4 skills in technology and awareness of their different cultural
contexts.

The United States has traditionally been weak in provid-
ing foreign language instruction. More recently, however,
universities are improving undergraduate education by at-
tempting to provide meaningful international experience as
an integral part of coursework. (See “International Engineer-
ing Programs in the United States.””) While there are no na-
tional data on the short-term visits conducted under such
enhanced undergraduate curricula, the number of courses
taken for credit overseas have increased, including engineer-
ing courses. (See text table 2-6.)

Graduate S&E Students and
Degrees in the United States

Trends in Graduate Enrollment

Enrollment in U.S. graduate S&E programs grew for al-
most 20 years, reached a peak of almost 440,000 students in
1993, and then began to shrink. From 1975 to 1993, the total
number of students in graduate programs increased steadily
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Text table 2-5.

Percentage of 24-year-olds earning first university degrees in S&E, by sex and race/ethnicity

Total Total first Natural Social With first With  With social
Sex and 24-year-old university science science Engineering university NS&E science
race/ethnicity population degrees degrees degrees degrees degree degree degree
1980
4,263,800 940,251 110,253 138,682 58,810 221 4.0 3.2
2,072,207 477,750 71,346 67,009 52,858 23.1 6.0 3.2
2,191,593 462,501 38,305 68,623 5,952 21.1 2.1 3.1
3,457,800 807,509 100,704 151,839 60,856 23.4 4.7 4.4
64,000 48,908 3,467 3,039 3,866 29.5 10.2 4.8
545,000 60,779 4,032 16,388 2,449 11.1 1.4 3.0
Hispanic ............... 317,200 30,167 3,646 7,641 1,820 10.5 1.7 2.4
Native American... 29,800 3,693 337 898 195 121 1.8 3.0
1995
3,576,400 1,062,151 123,647 207,032 63,330 32.8 5.4 5.8
1,817,400 495,867 66,540 76,256 52,421 29.2 6.9 4.2
1,759,000 566,284 55,925 108,056 10,850 36.6 3.8 6.2
2,863,400 856,686 84,675 156,472 43,726 31.2 4.8 5.5
148,600 30,027 12,007 10,336 6,785 39.9 12.7 7.0
527,600 59,301 8,021 16,662 2,845 16.2 2.1 3.2
Hispanic 466,800 43,894 6,119 12,420 3,651 14.2 2.1 2.7
Native American... 37,000 4,212 676 1,230 221 17.4 2.4 3.3

NS&E = natural sciences and engineering

NOTE: Population data are for U.S. residents only and exclude members of the armed forces living abroad.

SOURCE: U.S. Bureau of the Census, Current Population Reports, series P-25, Nos. 519 and 917 (Washington, DC)

See appendix tables 2-20 and 2-21.

Text table 2-6.
U.S. students studying abroad, by field of study

Science & Engineering Indicators — 1998

Percentage studying

Total students All S&E Physical Math & computer Social sciences

studying abroad fields sciences sciences Agriculture  Engineering & humanities
1987/88............. 62,341 19.9 2.5 1.2 0.8 1.4 14.0
1989/90 70,727 22.8 3.7 0.8 0.4 1.3 16.6
1993/94 76,302 46.7 5.3 1.1 0.9 2.3 37.1
1994/95 84,403 47.5 6.8 1.2 0.7 2.2 36.6

SOURCE: Institute of International Education, Open Doors, 1995-1996: Report on International Education Exchange (New York: 1996).

at an average annual rate of 2 percent. Subsequent declining
enrollment has averaged 1 percent annually. Fewer students
enrolling in engineering, mathematics, and the computer sci-
ences account for most of this decline. Engineering, math-
ematics, and computer science enrollment grew at a rate of
almost 4 percent annually from 1975 to 1992, but declined 3
percent annually from 1992 to 1995. While a slightly increas-
ing number of students continues to enroll in the social and
natural sciences, the annual rate of increase in these fields
slowed after 1992. Trends differ when examining subfields: a
look at the natural sciences shows that graduate enrollment
in the physical sciences has decreased, while enrollment in
the biological sciences has increased (NSF 1996¢).

Science & Engineering Indicators — 1998

Enrollment by Sex, Race/Ethnicity,
and Citizenship

While there are fewer graduate students in science and
engineering, U.S. students today are a more diverse group
than in the past. In 1977, women represented only one-quar-
ter of S&E graduate enrollment; by 1995, they accounted for
38 percent of enrollment. (See figure 2-13.) While women
and minorities continued a decade-long trend of increased
enrollment in graduate S&E programs in 1993, enrollment
figures for foreign students and U.S. white males began a
downward trend. (See figure 2-14.)

In 1992, foreign graduate students reversed their decade-
long trend of increased S&E enrollment in U.S. institutions.
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International Engineering
Programs in the United States

International engineering programs (IEPs) allow U.S.
students to gain valuable experience in an international
setting. Traditional engineering curricula have been too
tight and structured to allow engineering students to study
abroad. IEPs, however, are customized to permit such
study. A University of Cincinnati survey of universities
with IEPs listed on the World Wide Web shows study
abroad and work abroad components integrated into the
engineering programs of about 25 major U.S. universi-
ties. A well-structured IEP gives students an opportu-
nity to examine engineering in a foreign culture.

To promote the creation of IEPs, several universi-
ties in the United States and abroad are affiliated with
the International Engineering Consortium. The con-
sortium conducts a broad range of university-industry
cooperative programs and continuing education pro-
grams. Members of academia and industry meet to dis-
cuss leading-edge technology, issues vital to the
information age, and the nature of today’s global mar-
ketplace. (For more information, see <<http://
www.iec.org>>.)

Figure 2-13.
Graduate enrollment in S&E, by sex
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They decreased their enrollment each year since then. From
1983 to 1992, the number of foreign graduate students in-
creased over 5 percent annually. From 1992 to 1995, their
numbers decreased more than 3 percent annually. (See ap-
pendix table 2-25.)

The field of engineering illustrates both decreasing enroll-
ment and increasing diversity. The number of students enrolled
in graduate programs in engineering declined from approxi-
mately 118,000 in 1992 to less than 108,000 in 1995. But 1995
enrollment included almost 1,000 more women and 1,000 more
underrepresented minorities than in 1992. One factor in the
increasing enrollment of minorities in graduate S&E programs
may be changing demographics—the higher growth rate in the
minority population relative to the white population. The ap-
proximately 10,000-person decrease in engineering students
from 1992 to 1995 was primarily due to declining numbers of
foreign students and U.S. white males. In 1995, the number of
foreign students represented about one-third of U.S. graduate
enrollment in engineering, down from a peak of 34 percent in
1992. (See figure 2-15 for the declining enrollment of foreign
students in graduate engineering.)

The recent decline in foreign students is likely influenced
by the increasing educational opportunities in other countries.
The growing capacity for S&E graduate education in Asian coun-
tries is shown not only in the expansion of higher education in-
stitutions in Asia (see “Growth in Institutions of Higher Education
in Asia”), but also in the high rate of growth in earned doctoral
degrees within Asian universities. (See appendix table 2-26.)

Foreign Students in All Levels of U.S. Higher
Education

The majority of foreign students in the United States come
from a small group of countries. Twelve leading countries of
origin account for over 60 percent of the approximately 450,000
foreign students enrolled in U.S. higher education. Students
from Asian countries—the most significant region of origin
of foreign students in U.S. institutions—come to study at both
the graduate and undergraduate levels. (See text table 2-7.)
Students from China and India come to study mainly at the
graduate level and overwhelmingly in NS&E fields. In con-
trast, students from Japan enroll mainly at the undergraduate
level for non-S&E fields such as business administration. En-
rollments of students from South Korea and Taiwan are more
equally divided among graduate and undergraduate programs.
Undergraduate students from South Korea and Taiwan in U.S.
institutions study mainly non-S&E fields, while the majority
of South Korean and Taiwanese graduate students enter S&E
fields. (See appendix table 2-34.)

Master’s Degrees

Over the past two decades, the overall trends in science and
engineering degrees at the master’s level show an increase in the
number of earned degrees throughout the 1980s, with even stron-
ger growth in the 1990s. The recent growth is mainly accounted
for by the rising numbers of earned degrees in the social sci-
ences and engineering, with relatively stable numbers in the natu-
ral sciences, mathematics, and computer sciences.

Examining trends within each field highlights the varia-
tions among different time periods of the past 20 years. In
natural science fields, after a slight downward trend in the
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Figure 2-14.

Graduate S&E enrollment for selected groups
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See appendix tables 2-24 and 2-25. Science & Engineering Indicators — 1998
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Text table 2-7.
Foreign student enroliment in U.S. higher
education, by region of origin: 1995/96

Total, all regions .... 453,635
YN o= ISR 20,844
X - 259,893
Europe 67,358
Latin AMEriCa .....ceevvvevieeeieeereeeeeeeeeeeeeeesneennennnes 47,253
Middle East ......ccoeeeeiieeeeeeeeeeeeeees 30,563
North America .. 23,644
(7= 1 1= ISP 4,202

SOURCE: Institute of International Education, Open Doors 1995-96:
Report on International Educational Exchange (New York: 1996).
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1980s, the number of graduate students successfully com-
pleting master’s degrees increased in the 1990s. In mathemat-
ics and the computer sciences, the very strong growth rate in
earned master’s degrees in the 1980s (almost 8 percent annu-
ally) shifted to a more modest growth rate in the 1990s, about
2 percent. The slight downward trend in earned master’s de-
grees in the social sciences turned around in 1989, with sharply
increasing numbers of social science degrees since then. The
rapid growth in engineering master’s degrees after 1980 lev-
eled off in 1989-91, increased from 1991 to 1994, and then
again leveled off in 1994-95. (See appendix table 2-27.)

Master’s Degrees by Sex

Over the 20-year period 1975 to 1995, males accounted
for the strong growth in master’s degrees in engineering, math-
ematics, and the computer sciences. Females were primarily
responsible for the strong growth in social sciences; they also
obtained a larger share of degrees in the natural sciences. How-
ever, the proportion of master’s degrees earned by females
increased considerably in the last two decades—not only in
the natural sciences, but in engineering as well. In 1975, fe-
males earned 21.1 percent of the natural science degrees at
the master’s level and 2.5 percent of the engineering degrees.
By 1995, females accounted for 41.0 percent of natural sci-
ence degrees and 16.2 percent of engineering degrees. (See
appendix table 2-27.)

Master’s Degrees by Race/Ethnicity

In the 1990s, minority groups in the United States earned,
in most cases, increasing numbers as well as increasing shares
of master’s degrees in S&E fields. The number of S&E de-
grees earned by Asian Americans consistently increased, es-
pecially in engineering, mathematics, and the computer
sciences. The number of S&E master’s degrees obtained by
blacks grew modestly in most fields, with strong growth in
the social sciences. Despite gains in individual S&E fields,
the overall share of master’s degrees in S&E earned by black
students declined slightly from 1977 to 1995. Hispanics earned
a modestly increasing number—and proportion—of degrees
in the social sciences, as well as in engineering. White stu-

Text table 2-8.
Percentage of S&E master’s degrees earned by
minorities and foreign citizens

Race/ethnicity Natural Social Engi-
and citizenship sciences sciences neering
1977
Asian .....ccccoeeeieeinenne 2.6 1.7 4.5
Black ........... 2.4 6.2 1.5
Hispanic 1.5 3.0 1.6
Native American ....... 0.3 0.3 0.1
Foreign citizen.......... 15.6 7.0 21.8
1995
Asian .....ccccoeeeieeinenne 7.8 2.7 9.0
Black ....... 3.0 5.9 2.3
Hispanic .........cccc...... 2.3 4.0 25
Native American ....... 0.3 0.6 0.2
Foreign citizen.......... 28.5 10.8 33.9

NOTE: Natural sciences here include math and computer sciences.

See appendix table 2-28.  Science & Engineering Indicators — 1998

dents showed modest growth in NS&E degrees earned in the
1990s, and strong growth in social science. Notwithstanding
these gains, the share of master’s degrees earned by white
students in all fields declined during the 1977-95 period. (See
text table 2-8 and appendix table 2-28.)

Master’s Degrees by Citizenship

Analysis of master’s degrees by citizenship shows a con-
tinuation of the trend toward a larger proportion of degrees
going to foreign students in engineering, mathematics, and
the computer sciences. In 1975, foreign students earned 21.8
percent of the engineering degrees and 11.3 percent of the
math and computer science degrees. By 1995, foreign repre-
sentation at the master’s level was 33.9 percent in engineer-
ing and 34.7 percent in math and computer sciences. (See
appendix table 2-28.)

However, the rate of growth of overall S&E master’s de-
grees obtained by foreign students slowed somewhat in the
1993-95 period, primarily because of the leveling off in their
earned degrees in mathematics and computer sciences. There
is as yet no evidence of declining numbers of engineering
degrees awarded to foreign students, even though foreign
graduate enrollment in engineering decreased from 1993 to
1995 and leveled off in 1996. (See figure 2-15.)

Doctoral Degrees

From 1975 to 1985, the number of S&E doctoral degrees
granted in the United States was relatively stable. After 1985,
however, the number of such degrees grew, reaching over 26,000
by 1995. (See figure 2-16.) Large increases in the number of
earned degrees occurred mainly in engineering, mathematics,
and computer sciences. The number of degrees in these fields
nearly doubled from 1985 to 1995. Natural science fields—
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Figure 2-15.
Foreign student enroliment in graduate
engineering programs
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particularly the biological sciences—also contributed to the
rising number of degrees, with a 30 percent increase.

Doctoral Degrees by Sex

Male doctoral degree recipients accounted for much of the
growth in engineering, mathematics, and computer sciences,
while female doctoral recipients were largely responsible for
the increasing number of natural science degrees.

Figure 2-16.
S&E doctoral degrees awarded by U.S. universities

Number of degrees

Within the past two decades, the share of S&E doctoral
degrees earned by women doubled from 15.6 percent in 1975
to 31.2 percent in 1995. The proportion has differed by field.
By 1995, females earned almost half of the doctoral degrees
in the social sciences and 38 percent in the biological sci-
ences. (See appendix table 2-30.) Growth in the proportion
of degrees awarded to women was greatest in engineering
subfields. By 1995, women earned almost 12 percent of all
engineering doctorates, and 15 to 16 percent of doctoral de-
grees in chemical and materials engineering.

Doctoral Degrees by Race/Ethnicity

Underrepresented minorities within U.S. universities re-
ceived almost 5 percent of all S&E doctorates awarded in
1995, up slightly from 3 percent in 1977. As a group, these
minorities accounted for 8 percent of earned degrees in the
social sciences, 4 percent in the natural sciences, 3 percent in
engineering, and 2 percent in mathematics and the computer
sciences. For black Ph.D. recipients, the largest numerical
increases in the past decade have been in the biological and
social sciences. The largest percentage increases have been
in the biological sciences and engineering. (See appendix table
2-31 and NSF 1996d.)

Foreign Doctoral Students in the United States

In the past decade, foreign students have accounted for the
large growth in S&E doctoral awards in U.S. universities. The
number of foreign doctoral recipients in U.S. universities
doubled in S&E fields from over 5,000 in 1986 to over 10,000
in 1995. This doubling translates to an 8.2 percent average an-
nual increase. In contrast, the rate of increase in doctoral de-
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grees to U.S. citizens averaged only 1.9 percent annually.

Within NS&E fields, the proportion of doctoral degrees
earned in U.S. universities by foreign citizens climbed from 31
percent in 1986 to 47 percent in 1994; it has since begun to
level off. (See figure 2-17.) Foreign students from China, In-
dia, South Korea, and Taiwan have played a central role in this
growth. In 1995, foreign doctoral recipients from these four
Asian economies accounted for 59 percent of all S&E doctor-
ates earned by foreign students (NSF 1996d). In 1995, the share
of NS&E degrees earned by foreign students decreased slightly
to 46 percent, mainly due to a decline in doctoral degrees earned
by South Korean and Taiwanese students. Both of these econo-
mies (which are major contributors of foreign graduate stu-
dents in the United States) have increased their internal capacity
for graduate education in science and engineering, evidenced
by the increasing number of in-country doctoral degrees in these
fields. (See appendix table 2-36.)

Even as Asian students entered U.S. graduate programs in
record numbers, Asian universities were expanding their own
doctoral degree programs in S&E fields. In fact, the two phe-
nomena are related. The desire to increase their within-coun-
try capacity to educate their students through the doctoral
level required sending students abroad as a way of preparing
more S&E faculty for expanded graduate programs within
Asian universities. In the period 1988-94, the Asian effort to
receive doctoral training in U.S. universities was particularly
intense, as evidenced by an increase from 2,872 earned de-
grees in 1989 to 6,229 in 1994. The annual rate of growth in
earned S&E doctoral degrees during this period was over 17
percent. This rate of growth has slowed considerably in the
last few years, however.

Students from Asian countries are becoming less depen-
dent on U.S. universities for their doctoral training. After 1993,

Figure 2-17.
NS&E doctoral degrees awarded by U.S.
universities to U.S. and foreign citizens
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Figure 2-18.
S&E doctoral degrees awarded to Asian students
by Asian and U.S. universities
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the annual rate of increase in the number of earned S&E doc-
toral degrees within Asian universities greatly exceeded the
growth in degrees earned by Asian foreign students within
U.S. universities. (See figure 2-18.) While Ph.D. production
in S&E fields is growing at a faster rate in Asian countries
than in the United States, it should be noted that the base is
lower. In 1995, total doctoral degrees in S&E earned in six
Asian countries numbered 15,700. In that same year, U.S. uni-
versities produced over 26,000 doctoral S&E degrees; over
6,000 of these degrees were earned by foreign students from
Asia. (NSF 1996¢). In 1995, the number of doctoral NS&E
degrees earned from universities within four Asian econo-
mies exceeded the number of such degrees earned by Asian
foreign students within U.S. universities. Only for Taiwan do
U.S.-earned NS&E doctoral degrees outnumber those earned
within Taiwanese universities. However, in engineering, China,
India, and South Korea still obtain more doctoral degrees from
U.S. universities than from their home country universities.
(See text table 2-9.)

Besides providing doctoral training to foreign students from
Asia, U.S. higher education is also linked to expansion of Asian
capacity in S&E education through institution building. Lead-
ing research universities in the United States are advising de-
veloping countries in their design of higher education in science
and engineering. For example, the Massachusetts Institute of
Technology has accepted an agreement to create a scientific
research university in Malaysia (Sales 1997).

Stay Rates of Foreign Doctoral Recipients
in the United States

Until 1992, around half of the foreign students who earned
doctoral degrees in S&E in U.S. universities planned to lo-
cate in the United States after completing their degrees. A
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Text table 2-9.
NS&E doctoral degrees awarded to Asian
students by Asian and U.S. universities: 1995

Within country
Ph.D. in:

U.S. university
Ph.D. in:

Student place
of origin

Natural Engi-  Natural Engi-
sciences neering sciences neering

Five-country

total 8,576 6,327 2,335 3,268
China 1,373 1,659 773 1,802
India 4,077 348 572 499
Japan ........ccceeeeeees 2,143 3,009 30 51
South Korea ......... 750 938 344 414
Taiwan ....cccccceeeenne 233 373 616 502

NS&E = natural sciences and engineering

SOURCES: China—National Research Center for Science and
Technology for Development, unpublished tabulations, 1996; India—
Department of Science and Technology, Research and Development
Statistics 1994-95 (New Delhi: 1996); Japan—Monbusho, Monbusho
Survey of Education (Tokyo: annual series); South Korea—Ministry
of Education. Statistical Yearbook of Education (Seoul: 1996);
Taiwan—Educational Statistics of the Republic of China (Taipei:
1996); United States—National Science Foundation, Science
Resources Studies Division, Selected Data on Science and
Engineering Doctorate Awards: 1995, NSF 96-303 (Arlington, VA:
1996).
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significantly smaller proportion (one-third) received firm of-
fers to remain in the United States for academic or industrial
employment. The proportion of foreign doctoral recipients
who plan to locate in the United States and accept firm offers
differs considerably by country and region. Students from
Asian countries, who are the most numerous, are the most
likely to stay in the United States. In contrast, of the less nu-
merous students from North and South American countries,
fewer plan to locate in the United States.

For the period 1992-96, the percentages of foreign S&E
doctoral recipients planning to remain in the United States
increased: over 68 percent planned to locate in the United
States, and nearly 44 percent had firm offers to do so. This
recent increase in stay rates, which may be temporary, is
mainly accounted for by the sharp increase in the percentage
of Chinese students with firm plans to stay in the United States.
In 1990, 42 percent of over 1,000 Chinese S&E doctoral re-
cipients in U.S. universities had firm plans to stay. By 1996,
57 percent of the nearly 3,000 Chinese S&E doctoral recipi-
ents from U.S. universities had firm plans to remain in the
United States. The underlying cause for this shift is the large
number of Chinese students granted permanent residence sta-
tus in the United States in 1992 following China’s response
to student demonstrations. In 1996, students from selected
countries in Europe also increased their stay rates after com-
pleting advanced S&E degrees from a U.S. university, but
their numbers are small in comparison to Asian countries: 61
from the United Kingdom and 75 from Germany. (See ap-
pendix table 2-37.)

Among Asian countries, China and India apparently have a
limited capacity to provide high-level employment to large
numbers of returning recipients of doctoral degrees in science
and engineering. In 1996, 57 and 59 percent, respectively, of
the U.S. S&E doctoral recipients from these countries choose
to accept employment in the United States. (See appendix table
2-37.) In contrast, only 24 percent of 1996 doctoral recipients
from South Korea and 28 percent from Taiwan accepted em-
ployment offers in the United States. The trend in the 1990s
has been for fewer doctoral recipients from these economies to
remain in the United States because of within-country employ-
ment opportunities; this is particularly true of South Korean
engineering doctoral recipients. (See figure 2-19.)

To a large extent, the definite plans of foreign S&E doc-
toral recipients to remain in the United States revolve around
postdoctoral study rather than employment. Between 1988 and
1995, individuals from the five economies with the largest num-
bers of foreign doctoral recipients cited further study as their
main reason to stay in the United States (58 percent), fol-
lowed by employment in R&D (27 percent), teaching (7 per-
cent) and other professional employment (8 percent). (See text
table 2-10.)

A recent study of foreign doctoral recipients working and
earning wages in the United States (Finn, 1997) shows that
about 47 percent of the foreign students who earned S&E
doctorates in 1990 and 1991 were working in the United States
in 1995. The percentages are higher in physical sciences and
engineering, and lower in the life sciences and social sciences.
(See chapter 3, “Stay Rates of Foreign Recipients of U.S.
Ph.Ds.”) These stay rates differ more by country of origin
than by discipline, however. The majority of the 1990-91 for-
eign S&E doctoral recipients from India (79 percent) and
China (88 percent) were still working in the United States in

Figure 2-19.
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Text table 2-10.

Foreign recipients of S&E doctorates from U.S. universities with definite plans to remain

in the United States: 1988-95

Primary activity

Total S&E Total definitely Post- Other
Place of origin doctoral recipients  planning to remain  doctoral study R&D Teaching Professional
Canada........cccecuee. 2,111 897 449 235 98 115
China......ccceeeeiene 13,598 6,238 4,120 1,342 295 486
i 6,585 3,542 1,535 1,316 315 375
7,872 1,765 1,324 266 121 55
8,778 2,411 1,197 863 145 208

SOURCE: National Science Foundation, Science Resources Studies Division, Statistical Profile of Foreign Doctoral Recipients, by Major Country of Origin

(Arlington, VA: 1998, forthcoming).

1995. In contrast, only 10 percent of South Koreans who com-
pleted engineering doctorates from U.S. universities in 1990-
91 were working in the United States in 1995. (See appendix
table 2-38.)

The same study looked at foreign doctoral recipients from
1970 to 1972. Finn estimated that 47 percent were working in
the United States in 1995, and that the stay rate for that group
had fluctuated around 50 percent during the 15 years leading
up to 1995. There is no evidence of significant net return
migration of these scientists and engineers after 10 or 20 years
of work experience in the United States. This does not mean
that there is no significant return migration; in fact, such mi-
gration is known to occur. (See “Reverse Flow of Scientists
and Engineers to Asia” later in this chapter.) However, the
fairly constant stay rates indicate that any tendency of the
1970-72 cohorts to leave the United States after gaining work
experience here has been largely offset by others from the
same cohorts returning to the United States after going abroad.

Postdoctoral Appointments'’

Postdoctoral research positions in science and engineer-
ing in U.S. universities increased 5 percent annually from the
mid-1980s, and continued this rate of growth until 1994. Most
of the growth in the number of postdoctoral appointments,
which reached almost 26,000 in 1994, can be accounted for
by the expansion of research performed by universities and
the concomitant increase in earned doctoral degrees. From
1985 to 1994, funding of research performed by U.S. univer-
sities increased at almost $1 billion a year in constant dollars,
from a base of $10 billion. (See chapter 4.) However, in 1995
the rate of increase in the availability of postdoctoral appoint-

10The data reported here are from the National Science Foundation’s Sur-
vey of Graduate Students and Postdoctorates in Science and Engineering
(NSF 1997b), and include university postdoctoral appointments only; these
account for about 70 percent of U.S. postdoctoral appointments. The remain-
ing 30 percent of such appointments are made by the National Institutes of
Health, federal research laboratories, and private companies. Data on such
appointments are not captured by this survey.
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ments slowed considerably, dropping to only 1 percent. In
that year, R&D expenditures for university-performed re-
search also stabilized.

During the period of rapid growth in S&E postdoctoral
appointments, foreign students earned an increasing propor-
tion both of doctoral degrees and of subsequent postdoctoral
appointments. From 1990 to 1994, U.S. universities provided
slightly more than half of their postdoctoral appointments to
non-U.S. citizens. During this period, the growth rate of do-
mestic postdoctoral appointments was about 4 percent. How-
ever, like the recent decline of foreign graduate enrollments
in science and engineering in U.S. universities since 1993,
there has been a slightly smaller proportion of foreign
postdoctoral appointments and a slightly increasing number
of appointments to U.S. citizens, particularly in the sciences.
Foreign postdoctoral recipients still receive the majority of
such research positions within U.S. universities in engineer-
ing. (See appendix table 2-39 and chapter 3, “Postdoctorate
Appointments.”)

Mobility is a characteristic of postdoctoral researchers
throughout the world, however. Foreign scientists and engi-
neers represent approximately 50 percent of the postdoctoral
pool in the United States; the United Kingdom and France
have a high percentage of foreign postdoctorates as well, al-
though the number of postdoctoral positions in these coun-
tries is much smaller. In addition, Japan is attempting to
improve the quality of its basic research at universities by
offering more postdoctoral fellowships for both Japanese and
foreign doctoral scientists and engineers.

Foreign Faculty in U.S. Higher Education

One indicator of mobility of S&E personnel in the world
is the proportion of foreign-born faculty in U.S. higher edu-
cation. The United States has been a magnet for trained sci-
entists and engineers because of a well-developed economy
able to absorb high-level personnel. (See chapter 3, “Foreign-
Born Scientists and Engineers in the United States.””) This
section reviews data on those S&E faculty members in four-
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year colleges and universities who were born in another world
region and whose primary job is teaching in an S&E field.!!
The U.S. university system has been able to employ consid-
erable numbers of foreign-born scientists and engineers. In
1993, foreign-born faculty in U.S. higher education represented
37 percent of the engineering professors and 27 percent of the
mathematics and computer science teachers. (See figure 2-20.)
These faculty are mainly from Asia and Europe, with the larg-
est numbers coming from India, China, the United Kingdom,
Taiwan, Canada, and South Korea. (See text table 2-11.)

Reverse Flow of Scientists and
Engineers to Asia

In the past decade, Asian foreign students—mainly from
China, India, South Korea, and Taiwan—have earned nearly
45,000 doctoral degrees in S&E within U.S. universities. (See
appendix table 2-43 and text table 2-12.) Compared to these
major Asian countries of origin, the number of students from
Singapore and Japan earning doctoral degrees in the United
States is relatively small. Japanese industries often finance
advanced training of their employees in U.S. universities for
one to two years, but relatively few remain long enough to
complete a doctoral program (NSF 1997¢).

As mentioned above, a considerable number of doctoral
recipients from Asian countries have received firm offers to
remain in the United States. These Asian scientists and engi-
neers have contributed significantly to the U.S. university sys-
tem. In 1993, Asian-born faculty in U.S. higher education
represented 19.7 percent of the faculty in engineering, 9.6
percent in the physical sciences, and 12.5 percent in math-
ematics and computer sciences. (See appendix table 2-40.)
They have also contributed to U.S. industry as R&D person-
nel and by starting new companies. Immigrant scientists and
engineers make up 28 percent of the S&E labor force in the
United States (NSF 1995b). Many Asian scientists working
in the United States participate in communication networks
with home-country scientists. The dramatic growth in Asian
economies has provided U.S.-based Asian scientists and en-
gineers with more opportunities for cooperative research and
consulting (Choi 1995).

The decision of foreign doctoral recipients to remain and
work in the United States or to return home relates to job
opportunities in their home country. Some dynamic Asian
economies are gaining the capacity to absorb high-level S&E
personnel. For example, foreign doctoral recipients from Tai-
wan, South Korea, and Hong Kong are successfully recruited
to S&E positions within their home economies. In contrast, a
high proportion of foreign doctoral recipients from India and
China remains in the United States, since these countries cur-
rently have a limited capacity to offer high-level S&E em-
ployment to the 14,000 scientists and 7,500 engineers from
these countries who have been educated in the United States
in the last 10 years. (See appendix table 2-43.)

""These data exclude S&E faculty members who teach in two-year and
community colleges or who teach in an S&E field as a secondary job.

Figure 2-20.
Foreign-born S&E faculty in U.S. higher
education, by field: 1993
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In the 1990s, Asian-born scientists and engineers working
in the United States have begun a small reverse flow from
West to East. Some are attracted by new or expanded research
facilities based in their home countries; these facilities are
often part of the country’s strong investment in R&D infra-
structure as a strategy to develop indigenous high technolo-

Text table 2-11.
Major countries of origin of foreign-born
S&E faculty members in U.S. universities: 1993

Place of origin Number Percentage
Total S&E faculty .................. 242,812 100.0
(URST oo (o [ 193,606 79.7
Foreign-born? ............cccceeeneeee 49,206 20.3
S&E faculty from major

countries of origin ................ 23,762 9.8
INAi@ oo 5,696 2.3
China ...coooeiiiieieeeeeeee e, 4,263 1.8
United Kingdom ..........cccceeueee 3,149 1.3
TaIWAN ..o 2,491 1.0
Canada.....ccccceeveeeiueeiieeieeee 2,206 0.9
South Korea ......c.ccccevecveeenns 2,163 0.9
Germany ........cccceeeeeeeeeieenennes 1,604 0.7
Iran oo 1,369 0.6
(€T o 821 0.3
Other ...ooeeieieeieeeeeeeee, 25,446 10.5

aThis includes scientists and engineers whose first job is in S&E
postsecondary teaching at four-year colleges and universities in the
United States; it excludes scientists and engineers who may teach
as a secondary job.

See appendix tables 2-40 and 2-42.
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Text table 2-12.
S&E doctoral degrees awarded to Asian students
by U.S. universities

Cumulative

Place of origin 1986-95
44,931
14,088
952
7,554
JAPAN i 1,276
South Korea ... 8,821
Taiwan ............ 10,276
Thailand ...... 956
Other Asia 1,008

See appendix table 2-43.  Science & Engineering Indicators — 1998

gies. By 1992, the combined R&D investments of six Asian
countries reached almost $100 billion in constant dollar terms,
up from $35 billion in 1982 (NSF 1993).

Asian countries offer opportunities for high-level employ-
ment in science as well as expanding R&D budgets that can
fund the majority of proposed research within these coun-
tries. Taiwan has been able to recruit senior scientists and
engineers who had previously emigrated to the United States
as students and young scientists. In the late 1980s, returnees
with science degrees numbered between 500 and 1,000 per
year. These scientists, including some Nobel prize winners,
were hired in Taiwan as senior faculty for expanding gradu-
ate programs and as laboratory directors, particularly at cen-
ters of excellence such as the Synchrotron Center in Hsinchi
Science Park. (see “Chinese Students Drawn Back to Asia,”
1996). The increasingly large numbers of Taiwan returnees
with science degrees—over 2,000 per year—are, since 1992,
competing for fewer jobs; S&E positions in government and
universities, except for the newly established East China Uni-
versity, have largely been filled with early returnees. The Tai-
wanese government is providing two-year postdoctoral
appointments within high-technology industries to many re-

Text table 2-13.

cent returnees. These high-technology industries, however,
are hiring permanently only in targeted areas in which there
is a scarcity of trained S&E personnel, such as superconduc-
tivity, and solid-state industries.

Newly established Asian universities have successfully
begun to recruit Western-educated scientists and engineers to
expanding S&E departments. For example, the large major-
ity of Chinese and South Korean professors in the Hong Kong
University of Science and Technology (HKUST) and South
Korea’s Pohang University of Science and Technology re-
ceived their doctoral training in the United States. In addition
to the large portion of U.S.-educated faculty in the major
universities of Hong Kong, former U.S. faculty are the deans
and heads of almost all of S&E departments and make up a
large majority of the directors of HKUST research institutes.
(See text table 2-13.)

Similarly, the National University of Singapore and its at-
tached five research centers and six independent institutes
are recruiting senior scientists from the United States as deans,
department heads, and laboratory directors. Many Chinese-
born U.S. scientists have been attracted to Singapore’s world-
class facilities and equipment, high salaries, generous research
funding, and opportunity to contribute to the development of
the Asian region through science and technology.

International Comparisons of S&E
Training in Higher Education

International Comparison of Foreign Students

For many countries within the Asian region, the attraction
of students to S&E is an important aspect of their economic
growth strategy, including expanding access and participa-
tion of foreign students. Universities in Australia are aggres-
sively recruiting foreign students, and the government is
including the provision of educational services to Pacific Rim
countries as part of its national economic planning. The long-
range plan is to have 2.8 million foreign students by 2010

Leading scientists and engineers in Hong Kong universities, by country of Ph.D. award: 1996

United United
University Total States Kingdom Canada Australia Hong Kong
Hong Kong University of Science and Technology
Deans/department heads ...........cccceeciiiiniiiene 15 14 0 1 0 0
Directors/research centers.........c.cccceeeeceeeennenn. 16 12 3 1 0 0
Chinese University of Hong Kong
Full profeSsors .......cooooeeeiiiieiiieeeee e 16 6 4 3 1 2
Directors/research centers.........cc.cccceeeeceeeenuenn. 10 4 3 1 0 2

SOURCES: The Hong Kong University of Science and Technology, Academic Calendar 1996-1997 (Kowloon, Hong Kong: 1996); and Chinese University

of Hong Kong, Calendar 1996-1997 (New Territories, Hong Kong: 1996).

Science & Engineering Indicators — 1998
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Text table 2-14.
U.S. students studying in Japan

1995 1996
Total U.S. students  With Japanese Without Japanese Total U.S. students With Japanese Without Japanese

Study level studying in Japan scholarship scholarship studying in Japan  scholarship scholarship
Undergraduate ..... 692 1 691 729 0 729
Graduate 255 127 128 271 137 134
Other .......cccoeeeens 140 68 72 88 38 50

NOTE: For a description of Japanese exchange programs, see << http://www.twics.com/~nsftokyo/home.htmi>>.

SOURCE: National Science Foundation, Tokyo Office, unpublished tabulations (1997). Science & Engineering Indicators — 1998

pared to about 3 percent in the United States. (See text table
2-15.) Among European countries, universities in Germany
and France—with minimal or no tuition required for higher

Text table 2-15.
Foreign student enrollment in higher education
in the United States and selected European

countries education—are receiving an increasing number of Western
and Central European students. Germany is attempting to build
Number  Percentage up the higher education institutions in the former East Ger-
Total of foreign - of total many and Central Europe. While the percentage of foreign
Country Year enroliment students enrollment K .
students is relatively low, they are concentrated at the doc-
United States ...... 1985/86 12,670,121 349,610 2.8 toral level in Europe and the United States.
1995/96 14,419,252 453,787 3.1
France® ... 1985/86 960,084 131,979 13.7 . . . .
1995/906 1463371 129,761 8.9 International Comparison of Doctoral Training
BN ozceoozems LSk szl S & Increasing global capacity in S&E education is evident at the
1993/94 1,875,099 116,474 6.2 d ad level. This secti ‘ s of doctoral
United Kingdom ... 1985/86 1,032,491 53,604 5.0 advanced degree level. This section presents aspects of doctora

degree preparation among selected countries of Asia, Europe,
and North America, including overall degree production and
participation of women and foreign students.

1992/93 1,528,389 95,594 6.3

aFrench data are for universities only and do not include engineering
schools, business schools, and professional schools.

SOURCES: UNESCO, Statistical Yearbook (Paris: 1996); Institute of
International Education, Open Doors 1995-1996: Report on
International Education Exchange (New York); and Ministére de
I’Educational Nationale, Repéres et Références Statistiques sur les
Enseignements et la Formation (Vanves, France: 1996).
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Europe leads North America and Asia in number of earned
S&E doctoral degrees. In 1995, doctoral degrees awarded in S&E
fields by Western and Eastern European institutions totaled
45,647—about 60 percent higher than the North American level
and almost three times as many as the number recorded for Asian
countries. (See text table 2-16 and appendix table 2-32.)

(Blight 1996). Japan currently educates 50,000 foreign stu-
dents in its university system, mainly from China and South
Korea. Through scholarships and fellowships, Japan seeks to
double that number by the year 2000 (NSF 1997¢). The num-
ber of U.S. students studying in Japan is growing, and in-
cludes many who have received Japanese scholarships. (See
text table 2-14.) Taiwan, Singapore, Malaysia, and Hong Kong
are replicating U.S. research universities and expanding their
graduate S&E programs with Chinese students (Sales 1997).

Among European countries, foreign participation is attrib-
utable to a long-standing tradition of educating students from
former colonies, as well as increased emphasis on European-
wide exchanges. European countries have a higher percent-
age of foreign student enrollment than the United States when
all levels of higher education are included. In 1995, foreign
students accounted for between 6 and 9 percent of enroll-
ment in higher education in selected European countries, com-

Text table 2-16.
Doctoral S&E degrees awarded, by world region:
1995

Three-region North
Field total Asia Europe America
Doctoral degrees,
all fields .................. 155,733 32,087 78,791 44,855
Science &
engineering ........ 89,818 15,678 45,647 28,493
Natural sciences ... 49,888 8,576 27,082 14,230
Social sciences ..... 15,663 775 7,030 7,858
Engineering ........... 24,267 6,327 11,535 6,405

NOTES: Natural sciences here include agricultural, mathematics and
computer sciences. See appendix table 2-32 for countries included
in each region.

See appendix table 2-32.  Science & Engineering Indicators — 1998
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Text table 2-17.
Share of doctoral S&E degrees earned by women in selected countries: 1995
(Percentages)

United United South

Field States Germany France? Kingdom Japan® Korea Taiwan
All S&E fields ..........cccoceveiiineniecnens 31 22 NA 21 10 7 9
Natural sciences ..........cccccceeveiriininenee. 32 26 35 34 11 13 17
Math & computer sciences .................... 21 12 23 18 NA 13 13
Social SCIENCES .....cevvuvereeiiieeiieiieeieeenas 50 34 45 33 25 10 23
Engineering .......ccccoveviiiiiiecciineee, 12 6 17 13 5 2 3

aln France, the natural sciences exclude the biological sciences, which are instead classified with health and medicine, and in which women earn 51
percent of the doctoral degrees. The social sciences include literature and the humanities.

bIn Japan, mathematics and computer sciences are included in engineering. Percentages are based on university “coursework” doctoral degrees only,

not those earned within industry.

SOURCES: United States—National Science Foundation, Science Resources Studies Division, Selected Data on Science and Engineering Doctorate
Awards 1995, NSF 96-303 (Arlington, VA: 1996); France —Ministére de I’Education Nationale de I'Enseignement Supérieur et de la Recherche, Rapport
sur les Etudes Doctorales (Paris: 1996); Germany— Statistisches Bundesamt Wiesbaden, Priifungen an Hochschulen (Weisbaden: 1996); United
Kingdom —Higher Education Statistics Agency, Students in Higher Education Institutions, 1995/96 (Cheltenham: 1997); Japan—Monbusho, Monbusho
Survey of Education (Tokyo: annual series); South Korea— Ministry of Education, Stastistical Yearbook of Education (Seoul: 1996); Taiwan— Ministry of

Education, Educational Statistics of the Republic of China (Taipei: 1996).

Figure 2-21.
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Proportion of NS&E doctoral degrees earned by foreign students in selected countries: 1995 or most recent year
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See appendix table 2-33.

Comparing female representation in doctoral S&E degrees
across countries, the United States ranks lower than France
and higher than Germany. For example, within French uni-
versities in 1995, women earned a higher percentage of the
NS&E doctoral degrees than did women in U.S. universities.
(See text table 2-17.)

While graduate S&E programs are expanding rapidly in
Asia, women have not yet entered those programs in large num-
bers. Women still earn only a small fraction of the doctoral
S&E degrees issued in Asia. In fact, Asian women are more
likely to obtain a doctoral degree in S&E fields from a U.S.
university than from a home country university. For example,
in 1995, women earned 7 percent of doctoral degrees in South
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Korea, but 12 percent of the doctoral degrees earned by South
Koreans in the United States. For women from Taiwan, the fig-
ures were 9 and 16 percent, respectively (NSF 1996d).

The United States, the United Kingdom, and France are
the world’s leading countries in terms of foreign students in
S&E at the doctoral level. For example, 57 percent of the
engineering doctoral degrees awarded in the United States in
1995 went to foreign students. (See figure 2-21.) In that same
year, almost 50 percent of the engineering doctoral degrees
awarded in the United Kingdom, and almost 30 percent of
those awarded by French universities in the natural sciences,
were earned by foreign students.



2-34 ¢

Chapter 2. Higher Education in Science and Engineering

Conclusion

Centers of S&E knowledge are multiplying around the
world, particularly in Europe, Asia, and North America. The
increasing global capacity in S&E education has implications
for the United States as well as other nations. Higher partici-
pation rates in S&E degrees and a greater focus on S&E fields
in higher education in other countries contribute to the po-
tential pool of scientists and engineers. Such human capital
is important for addressing complex societal needs and for
technological innovations. In addition, the global expansion
of S&E knowledge has the potential benefits of quickening
the pace of development in other world regions. A larger glo-
bal capacity for S&E education implies a U.S. need to stay
competitive through continual improvement of its precollege
and higher education system.

Decisionmakers throughout the U.S. higher education sys-
tem have introduced improved curricula and teaching at the
undergraduate level to broaden participation of all groups in
science and engineering. Recent participation rates in S&E,
disaggregated by race/ethnicity and sex, show some domes-
tic progress compared to a decade ago; this reflects a some-
what more diverse U.S. student population pursuing higher
education in science and engineering, particularly at the un-
dergraduate level. In the 1990s, the number of white enroll-
ments in undergraduate education leveled off and began to
decline, while enrollment for all minority groups increased.
Similarly, while overall undergraduate engineering enrollment
has been declining, enrollment of women and minorities has
been increasing, particularly in the 1990s. At the bachelor’s
level, the number of degrees earned by underrepresented mi-
norities is increasing slightly in NS&E fields, and very rap-
idly in the social sciences. These trends bear watching as
individual states introduce systemic reforms and other public
policy changes for improved S&E curricula and teaching at
all levels.

In graduate education, there has been some progress for
women in S&E programs, and very slight progress for
underrepresented minorities. At the master’s level, women have
made significant progress in earned degrees in the natural sci-
ences, but minority groups showed only modest growth in these
fields. At the doctoral level, the share of S&E degrees earned
by women approximately doubled from 16 percent in 1975 to
31 percent in 1995. Minority students have slightly increased
their proportion of doctoral S&E degrees to almost 5 percent
in 1995, but they are still at low levels of degree attainment.

The enrollment of foreign S&E graduate students in U.S.
universities reached a peak in 1992, and has since declined.
The rate of growth in S&E master’s degrees earned by for-
eign students has slowed in the 1990s due primarily to a de-
cline in earned degrees in the computer sciences. However,
declining graduate enrollment of foreign students in engineer-
ing has not yet resulted in a fall-off of the number of master’s
degrees in engineering earned by foreign students. At the
doctoral level, the proportion of S&E degrees earned by for-
eign citizens reached 40 percent in 1994 before leveling off.

The trend toward a somewhat lower concentration of foreign
students in U.S. graduate programs is likely to continue, with
fewer students from those places that are building their inter-
nal graduate S&E capacity, such as Taiwan and South Korea.
The decline in foreign students from some Asian countries
may be further exacerbated by the recent Asian economic crisis
and the devaluation of currencies, making extended study
abroad unaffordable.

The U.S. university system has accelerated the diffusion
of S&E knowledge in the world through the education of for-
eign doctoral students, who have contributed both to the sci-
ence and technology infrastructure in the United States and
in their home countries. Many foreign doctoral recipients have
remained in the United States for some time for further study
or employment. As their home countries develop the need
(and provide employment) for high-level skills, some of these
foreign doctoral recipients return, bringing with them both
their S&E education and U.S. work experience, further ac-
celerating globalization of S&E. This improves other coun-
tries’ economic competitiveness, as well as enhances the global
good of improved scientific knowledge and world economic
development. U.S. higher education is also enriched by the
network of former doctoral students and faculty in key re-
search centers in Asia and Europe. The benefits include en-
hanced cooperative research opportunities, expanded
opportunities for U.S. graduate and undergraduate students
to study abroad, and international postdoctoral research posi-
tions for young U.S. scientists and engineers.
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Highlights

LABoR MARKET CONDITIONS

4 Overall labor market conditions were similar in 1993
and 1995, despite many changes in conditions for
specific S&E fields. Overall unemployment rates for
science and engineering (S&E) Ph.D.-holders went from
1.6 percent to 1.5 percent. For recent Ph.D. recipients, the
unemployment rate grew from 1.7 to 1.9 percent.

4 Only 2.4 percent of recent S&E Ph.D. recipients
reported working in a non-S&E job that was unrelated
to their field. Based on the proportions reporting that
they were involuntarily working outside of their field, the
disciplines in which recent Ph.D. graduates found it most
difficult to locate in-field employment in 1995 were
political science (11.2 percent); mathematics (9.3 percent);
sociology/anthropology (9.1 percent); earth, atmospheric,
and oceanographic sciences (6.8 percent); and physics
(6.7 percent). The biological sciences fared better, with
2.8 percent reporting involuntary outside-of-field employ-
ment; other measures, however, suggest a drop in the avail-
ability of tenure-track positions for recent biological
sciences graduates.

4 Most holders of Ph.D.s in science and engineering do
not work in academia. Only 28.4 percent are employed as
postsecondary teachers, and another 15.5 percent have some
other employment at a four-year educational institution.

¢ Only 12.1 percent of scientists and engineers in
postdoctoral positions in 1993 were in tenure-track
positions in 1995; 41.6 percent still held postdoctorate
appointments. Nevertheless, the length of time spent in
postdoctoral positions appears to be only slightly greater
than that reported retrospectively by those in mid-career.

4 While most individuals in postdoctorate positions in
1995 reported additional training and other custom-
ary reasons for accepting their appointments, 17.1 per-
cent said that they had taken a postdoctorate because
other employment was not available. This proportion
rises to 29.3 percent for the earth, atmospheric, and oceano-
graphic sciences and to 26.8 percent for physics.

CHARACTERISTICS OF THE S&E WORKFORCE

4 Almost 3.2 million people with a bachelor’s degree or

higher were employed in an S&E occupation in 1995.
Engineers represented 42 percent (1.34 million) of all those
in S&E occupations, followed by computer and math
scientists with 30 percent (950,000) of the total. Physical
scientists accounted for less than 10 percent of the S&E
workforce in 1995.

¢ The pattern of S&E degree production at each degree

level over the last 50 years—rapid growth followed by a
recent slowdown—creates a likely demographic pattern
in the S&E labor force with several implications. First,
the number of scientists and engineers nearing traditional
retirement ages will increase steadily and dramatically over
the next 25 years. Second, even if there is no growth in the
number of new S&E degree recipients, the size of the S&E-
trained labor force will continue to increase for some time
as the number of new entrants exceeds retirements and
deaths. Finally, if degree production grows at a slower rate
than in the past, the average age of scientists and engi-
neers in the labor force will increase—with mixed impli-
cations for different aspects of research productivity.

INTERNATIONAL CONTEXT

4 A lower bound estimate of U.S. native-born S&E Ph.D.

graduates living abroad is 13,900—3.3 percent of all
such Ph.D. recipients. If foreign-born doctoral recipients
with U.S. citizenship or permanent residency at the time
of their degrees are included, this figure rises to 19,600
(4.1 percent of the total).

PRoJECTED DEMAND

4 During the 1996-2006 period, employment in S&E oc-

cupations is expected to increase at more than three
times the rate for all occupations. While the economy as
a whole is anticipated to provide approximately 14 per-
cent more jobs over this decade, employment opportuni-
ties for S&E jobs are expected to increase by about 44
percent or about 1.36 million jobs.
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Introduction

Chapter Overview

Scientists and engineers play vital roles in the techno-
logical performance of U.S. industry in such areas as prod-
uct or process innovation, quality control, and productivity
enhancement. In addition, they conduct basic research to
advance the understanding of nature, perform research and
development (R&D) in a variety of areas such as health
and national defense, train the nation’s future scientists and
engineers, and improve the scientific and technological
literacy of the nation.

In the early 1990s, the U.S. science and engineering (S&E)
workforce faced new and different challenges from those it
experienced in the 1980s. A sluggish recession recovery,
cutbacks in defense-related spending, reduced R&D budgets,
and industry downsizing slowed the growth of S&E employ-
ment. Manufacturing S&E employment declined for the first
time in more than a decade, while unemployment rates rose.
Despite these trends, scientists and engineers have fared bet-
ter than almost any other kind of worker. Moreover, the tight
labor market has not precluded some S&E-trained individu-
als from finding meaningful, challenging work opportunities
outside traditional S&E occupations.

Chapter Organization

This chapter first examines labor market conditions for
recent bachelor’s, master’s, and doctoral S&E degree recipients.
Information on the sex and racial/ethnic composition of the S&E
workforce is next presented, followed by a description of S&E
job trends in the service sector. The chapter provides data on
foreign-born scientists and engineers, and presents comparisons
regarding international R&D employment. It concludes with a
brief section on the projected demand for S&E workers over
the 1996-2006 decade.

Labor Market Conditions for
Recent S&E Degree-Holders

Bachelor’s and Master’s Degree Recipients'

Recent S&E bachelor’s and master’s degree recipients are
a key component of the nation’s science and engineering
workforce: they account for almost half of the annual inflow
to the S&E labor market (NSF 1990, p. 40). The career choices
of recent graduates and their entry into the labor market affect
the balance between the supply of and demand for scientists
and engineers in the United States. Analysis of the workforce

'Data in this section are taken from the 1995 National Survey of Recent
College Graduates. This survey collected information on the 1995 workforce/
other status of 1993 and 1994 bachelor’s and master’s degree recipients in
S&E fields. Surveys of recent S&E graduates have been conducted bienni-
ally for the National Science Foundation since 1978. For information on
standard errors associated with survey data, see NSF (1997b).

status and other characteristics of recent S&E graduates can
yield valuable labor market information. This section provides
several labor market measures, including median annual sala-
ries and in-field employment rates, that offer useful insights
into the overall supply and demand conditions for recent S&E
graduates in the United States.

Median Annual Salaries

In 1995, the highest median annual salaries of recent col-
lege graduates employed full time were earned by those with
engineering degrees. The median annual salary for graduates
with a bachelor’s degree in engineering was $33,500; it was
$44,000 for those with a master’s degree. (See appendix table
3-1.) When compared with the salaries for recent science
graduates with bachelor’s degrees ($22,900) and master’s
degrees ($35,000), it is apparent that choice of a college ma-
jor may significantly affect the salaries of recent college gradu-
ates entering the labor market.

School Versus Employment

About one out of four recent S&E bachelor’s and master’s
degree recipients was enrolled in graduate school on a full-
time basis in 1995. Students who had majored in the physical
and life sciences were more likely to be going on to graduate
school as full-time students than were those with degrees in
mathematics and the computer sciences or engineering.

In-Field Employment

Success in the job market varies significantly by level and
field of degree. One measure of success is the likelihood of
finding employment directly related to a graduate’s field of
study. S&E master’s degree recipients were more likely than
bachelor’s graduates to find work directly related to their field
of study. Approximately one-half of all master’s S&E degree
recipients—but only a fifth of all S&E bachelor’s recipients—
were employed in their field of study in 1995. Among both
master’s and bachelor’s degree recipients, students who had
received their degrees in either engineering or the computer
sciences were more likely to be working in their field of study.
Students majoring in the social sciences were less likely to
have jobs directly related to their degrees.

Employment Sectors

The private sector is by far the largest employer of
recent bachelor’s and master’s degree recipients. In 1995,
59 percent of bachelor’s degree recipients and 47 percent of
master’s degree recipients were employed in a private for-profit
company. (See appendix table 3-2.) The academic sector is
the second largest employer of recent S&E graduates. Master’s
degree recipients were more likely to be employed in four-
year colleges and universities (23 percent) than were bachelor’s
degree recipients (13 percent). The federal sector employs only
7 percent of S&E master’s degree recipients and 4 percent of
S&E bachelor’s degree recipients. Engineering graduates are
more likely than science graduates to find employment in the
federal sector. Sectors employing smaller numbers of recent
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S&E graduates include educational institutions other than four-
year colleges and universities, private nonprofit organizations,
and state or local government agencies.

Doctoral Degree Recipients

Concerns have been raised about labor market opportuni-
ties for new Ph.D. scientists and the possible consequences
on the health of scientific research in the United States.? Sev-
eral recent developments have contributed to these concerns,
including demographic changes (which have slowed the
growth in undergraduate enrollment), reductions in defense
and research funding, growth in the importance of Ph.D. pro-
grams at foreign schools (see chapter 2, “Worldwide Increase
in S&E Educational Capabilities”), and rates of Ph.D. pro-
duction that approach or exceed the high levels realized at
the end of the Vietnam draft.

Since the 1950s, the Federal Government has actively
encouraged graduate training in science through a number
of mechanisms. However, widespread unemployment or
involuntary movement out of S&E by large numbers of new
Ph.D. scientists and engineers could have various adverse
effects on the health of scientific research in the United
States. If labor market difficulties are real but temporary,
promising students may be discouraged from pursuing
degrees in S&E fields. Eventually, this circumstance could
reduce the ability of industry, academia, and government to
perform R&D. If labor market difficulties are long term,
restructuring will need to take place within graduate edu-
cation and federal research support to maintain quality
research. In either case, when much high-level human capi-
tal goes unused, society loses potential opportunities for
new knowledge and economic advancement—and individu-
als feel frustrated in their careers.

Aggregate measures of labor market conditions for
recent Ph.D. recipients (one to three years since degree)
changed only slightly between April 1993 and April 1995.3
The unemployment rate for all recent Ph.D. recipients rose
from 1.7 percent in 1993 to 1.9 percent in 1995. (See text
table 3-1.) The rate of recent Ph.D.s involuntarily working
outside of their degree fields rose slightly, from 4.0 percent
in 1993 to 4.3 percent in 1995. These aggregate numbers
mask much larger changes in labor market conditions—both
positive and negative—within individual disciplines.

Most individuals who complete an S&E doctorate are look-
ing for more than just steady employment at a good salary.
Their technical and problem-solving skills make them highly
employable, but the opportunity to do the type of work they
want and for which they have been trained is important to

2For a more detailed discussion, see COSEPUP (1995).

3This section primarily uses data from the 1993 and 1995 Survey of Doc-
torate Recipients (SDR), a biennial National Science Foundation (NSF) sur-
vey of doctorate-holders from U.S. institutions up to age 75; and the closely
related Scientists and Engineers Statistics Data System (SESTAT) integrated
file which contains data from the SDR and two other NSF surveys, the Na-
tional Survey of College Graduates and the National Survey of Recent Col-
lege Graduates. For more informaiton on SDR, see chapter 5, “Data Sources:
Nature, Problems, and Comparability.”

them. For that reason, no single measure can well describe
the S&E labor market. Some of the available labor market
indicators are discussed below.

Unemployment Rates

Only 1.9 percent of recent (one to three years after degree
award) Ph.D. recipients were unemployed in April 1995.4 (See
text table 3-1.) This number is low compared to the 5.7 per-
cent unemployment rate for all civilian workers, and is only
slightly higher than the 1.5 percent rate for S&E doctoral re-
cipients. In several fields, however, new Ph.D.s faced higher
unemployment rates: 4.3 percent in chemical engineering, 4.0
percent in mathematics, 3.2 percent in sociology/anthropol-
ogy, and 2.9 percent in physics. While still much lower than
for the general population, these unemployment rates are un-
usually high for a highly skilled group. For recent physics
Ph.D.s, however, the 2.9 percent rate represents a large drop
from the 5.3 percent unemployment rate reported by the 1993

“4People are said to be unemployed if they were not employed during the
week of April 15, 1995, and had either looked for work during the preceding
four weeks or were on layoff from a job.

Text table 3-1.
Labor market rates for recent Ph.D.s,

by degree field
(Percentages)
Involuntary
out-of-field
Unemployed employment
Ph.D. degree field 1993 1995 1993 1995
Al S&E .........coooieiiiiiiieiiee 1.7 19 40 43
Life SCIeNCes .......cccceeevveeeiiieennne 09 20 26 26

1.1 141 27 22
0.7 22 23 238

Agricultural sciences.....
Biological sciences

Health/medical sciences........... 15 13 21 22
Math and computer sciences .... 1.1 2.6 49 6.2
Mathematics .......cccceeeeviicineenns 0.7 4.0 71 93
Computer sciences .................. 15 11 21 2.7
Physical sciences .. 3.0 24 54 53
Chemistry ....ccccceeevieeeecciieneceen. 1.6 21 4.0 441
Earth, atmospheric &
0ceanographicC ........ccceeeveeenne 34 1.7 85 6.8
Physics......cccc.... .. 53 29 6.1 6.7
Social sciences ... 1.8 14 46 55
Economics ........ w24 1.4 41 2.7
Political science .... .. 24 25 51 11.2
Psychology ....ccccccceeueen. .. 14 05 22 338

Sociology/anthropology .. 33 3.2 116 9.1

Engineering ... .. 19 17 3.7 3.7
Chemical ..... .. 11 43 21 33
Civil ......... . 1.9 13 1.4 1.0
Electrical ..... .. 1.9 09 3.8 3.0
Mechanical .........ccccvveeeeeeecnenns 1.3 238 83 5.0

NOTE: Recent Ph.D.s are those who received their degrees one to
three years previously.

SOURCE: National Science Foundation, Science Resources
Studies Division, Survey of Doctorate Recipients, merged 1993 and
1995 files. Science & Engineering Indicators — 1998
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cohort. On the other hand, the rates for mathematics and
chemical engineering are notably greater than the negligible
0.7 and 1.1 percent rates reported respectively in 1993.

Involuntarily Working Outside of Field

Another 4.3 percent of recent S&E Ph.D. recipients in
the labor force reported that they could not find full-time
employment “closely related” or “somewhat related” to their
degrees. These persons are considered to be IOF—invol-
untarily out-of-field. This definition of IOF includes those
working part time in their fields because full-time work
was not available.

As with unemployment, IOF rates varied greatly by field,
with 11.2 percent in political science; 9.3 percent in math-
ematics; 9.1 percent in sociology/anthropology; 6.8 percent
in earth, atmospheric, and oceanographic sciences; and
6.7 percent in physics. (See text table 3-1.) Fields with rela-
tively low IOF rates for recent Ph.D.s included 1.0 percent in
civil engineering, 2.2 percent for both agricultural and medi-
cal sciences, 2.7 percent for both economics and computer
sciences, and 2.8 percent in the biological sciences.

Tenure-Track Positions

Most S&E Ph.D. recipients do not work in academia.
(See “How Traditional Is an Academic Career?”; but also
see chapter 5, “The Academic Doctoral S&E Workforce.”)
Across all fields and ages, only 30.8 percent of S&E Ph.D.s
in the labor force are in tenure-track or tenured positions at
four-year educational institutions. (See text table 3-2.)
Across fields, academic tenure-track employment varies from
a high of 54.0 percent for economics to a low of 14.0 percent
for chemical engineering. Still, the availability of tenure-track
positions is an important aspect of the job market for those
who do seek academic careers.

In 1995, 15.9 percent of recent S&E Ph.D. recipients were
in tenure-track positions. (See text table 3-2.) This propor-
tion rose to 26.8 percent among those who had received their
doctorates within the previous four to six years; it was greater
still (30.5 percent) for those at mid-career—11 to 20 years
after degree. The percentage of Ph.D.s with tenure-track po-
sitions does not, however, reveal much about how difficult it
is to obtain academic employment—in fields where many new
Ph.D.s prefer employment in industry, there may actually be
less competition for academic jobs.

Comparable historical data on tenure-track rates in early
career are not available, but comparisons with mid-career
tenure-track rates do provide an imperfect indicator of
changes in the availability of academic positions. By this
relative measure, early career tenure-track rates (four to six
years out) are noticeably lower in the biological sciences
(—14.4 percentage points), agriculture (—10.1), chemical en-
gineering (—8.6), and physics (—4.7).

The differences in tenure-track rates in the biological sci-
ences are a notable part of a complicated labor market profile
for that field. Both unemployment and IOF rates are rela-
tively low in the biological sciences. However, salaries are

also lower—and, evidently, so are the opportunities for ten-
ure-track academic employment.

Relationship Between 1995 Occupation
and Degree Field

By a strict definition of occupational titles, 31.5 percent
of employed recent Ph.D.s were in occupations outside sci-
ence and engineering, often with administrative or manage-
ment functions. When asked how related their jobs were to
their highest degree, only a small proportion of recent Ph.D.s
in non-S&E occupations said that their jobs were unrelated
to their degree. (See text table 3-4.) By field, these respon-
dents ranged from 1.5 percent of recent engineering Ph.D.
graduates to 4.5 percent of recent Ph.D. graduates in math-
ematics and the computer sciences.

Changes in Employment Status

Of the 72.2 percent of recent S&E Ph.D. recipients who
were in “regular” employment in 1993 (that is, not in a
postdoctorate appointment and not involuntarily working out-
side of their fields), the vast majority—94 percent—were still
in regular employment in 1995. (See figure 3-1.) Of those in
other 1993 employment statuses (postdoctorate, IOF, or un-
employed), 50 percent of each group had moved to regular
employment by 1995. Forty-five percent of 1993

Text table 3-2.

Scientists and engineers holding tenure and
tenure-track appointments at four-year
institutions, by degree field and years since
Ph.D. award: 1995

(Percentages)
Early career Mid-career
1-3 4-6 11-20 Al

Ph.D. degree field years years years years
AlIS&E ..o 15.9 26.8 30.5 30.8
Agricultural sciences............. 13.4  26.0 36.1 32.8
Biological sciences .............. 8.8 19.8 342 325
Health/medical sciences....... 325 452 37.9 39.0
Mathematics .......c..cccceeenueen. 36.0 527 51.3 535
Computer sciences ... ... 345 423 38.9 40.9
Chemistry .....ccceeviveiviiiiens 6.9 14.6 151 18.8
Earth, atmospheric &

oceanographic sciences ... 10.9  30.1 27.3 28.8
PhySiCS ...oociiiiiiiiiieeie 58 15.6 20.3 23.5
Economics ......... ...424 554 52.2 54.0
Political science .... ... 295 684 51.6 52.7
Psychology .....cccccceveiieeinnne 13.1 19.8 19.8 221
Sociology/anthropology ....... 322 504 49.2 499
Chemical engineering .......... 6.6 6.0 146 14.0
Civil engineering........... .ee 25, 29.9 33.7 345
Electrical engineering 22.5 26.4 229
Mechanical engineering ....... 144 26.3 242 233

SOURCE: National Science Foundation, Science Resources Division,
1995 Survey of Doctorate Recipients.

Science & Engineering Indicators — 1998



3-6 ¢

Chapter 3. Science and Engineering Workforce

How Traditional Is an Academic Career?

It has long been known from the Survey of Doctorate
Recipients (SDR) and other labor force surveys that a large
majority of doctorate level scientists and engineers, at any
one point in time, work outside academia. The 1995 Sci-
entists and Engineers Statistics Data System (SESTAT)
Work History Module, combined with the 1995 SDR core
questions, provides current and retrospective career infor-
mation that allows mapping of typical career paths.

Text table 3-3 divides the population of employed S&E
doctorate-holders into four groups: those currently
employed as postsecondary teachers, those currently in

Text table 3-3.
Current or former employment of S&E Ph.D.s as
postsecondary teachers, by field: 1995

(Percentages)
Current
Current nonteaching Former Never
post- employment post- post-
secondary at 4-year secondary secondary
Ph.D. degree field teacher institution teacher teacher
AllS&E.................... 28.4 15.5 9.4 46.7
Life sciences ........... 25.7 23.8 6.9 43.6
Math and computer
SCIences ............... 48.5 9.4 11.7 30.4
Physical sciences.... 22.6 14.6 8.5 54.3
Social sciences ....... 35.6 11.6 12.6 40.1
Engineering ............. 20.3 10.9 8.4 60.4

NOTE: Data are for those employed as of April 1995.

SOURCE: National Science Foundation, Science Resources Studies
Division, 1995 SESTAT (Scientists and Engineers Statistics Data System),
Work History Module. Science & Engineering Indicators — 1998

Text table 3-4.

Comparison of degree field and occupation field
for recent S&E Ph.D.s: 1995

(Percentages)

Occupation field
Ph.D. Same  Other Related Unrelated

degree field as degree S&E non-S&E non-S&E
AlIS&E...........cccoeneee. 61.5 7.0 29.1 2.4
Life sciences ................ 58.0 4.6 35.6 1.8
Math and

computer sciences ... 65.1 3.6 26.8 4.5
Physical sciences......... 59.8 10.3 27.4 2.5
Social sciences 4.2 23.1 3.2
Engineering ........cc.cc..... . 12.0 30.6 1.5

NOTE: Recent Ph.D.s are those who received their degrees one to
three years previously.

SOURCE: National Science Foundation, Science Resources Studies
Division, 1995 Survey of Doctorate Recipients.
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nonteaching jobs at four-year institutions, those who were
formerly postsecondary teachers at some time after
completion of their Ph.D.s, and those not currently em-
ployed in academia and who reported no postsecondary
teaching positions since completion of their Ph.D.s. (Note
that tenured administrators and other nonteaching faculty
make up most of the difference between the percentage
in postsecondary teaching positions and those with ten-
ure or in tenure-track positions; also note that many
nonteachers employed in academia also report being
former postsecondary teachers.) One weakness of this
analysis based on occupation is that it does not capture
the past academic affiliations of scientists and engineers
who are hired as administrators or researchers without
ever being part of the teaching faculty.

A small majority—53.3 percent—of employed S&E
doctorate-holders in 1995 were either currently in
academia or reported past employment as postsecondary
teachers since receiving their degrees. There is less
academic involvement in engineering and the physical
sciences, where majorities report never having been
employed as postsecondary teachers or having no current
employment in academia. It is also noteworthy that even
in mathematics and the computer sciences, where
employment in academia is heaviest, a large majority of
currently nonacademic scientists and engineers appears
never to have held academic teaching jobs. This view is
consistent with shorter career views obtained by longitu-
dinal matching of the SDR data; these data show rela-
tively little movement between academia and industry,
excluding new graduates and postdoctorates.

postdoctorates were still in a postdoctorate position in 1995;
37 percent of those working involuntarily outside of their fields
were IOF in 1995 as well. There was, however, much less
evidence of long-term unemployment: only 0.3 percent were
unemployed in both 1993 and 1995.

Median Annual Salaries

The median salary earned by recent science and engineer-
ing Ph.D. recipients in 1995 was $40,000, with the highest
median found for engineering Ph.D.s ($54,000) and the low-
est for Ph.D.s in the life sciences ($32,000). Despite the wide
variety of employment types and fields for new Ph.D. recipi-
ents, there is a fairly narrow distribution of salaries around
this median—the 10th percentile makes $22,500 and the 90th
percentile, $65,000. (See text table 3-5.) The lowest 10th per-
centile salary ($8,000) is found for recent Ph.D. recipients in
sociology/anthropology. The highest 90th percentile salary
was $85,000, for recent Ph.D. recipients in the computer sci-
ences and economics.
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Figure 3-1.
Changes in employment status of recent S&E Ph.D.s between 1993 and 1995

1993 employment (numbers)

1995 employment status (percentage of 1993 category)
100

B Employed M oF [J Postdoctorate  [[] Unemployed
R Sl B B ik

60

40

20

Employed IOF Postdoctorate Unemployed

NOTES: Recent Ph.D.s are those who received their degrees between 1990 and 1992. |OF is involuntarily out of field.
SOURCE: National Science Foundation, Science Resources Studies Division, Survey of Doctorate Recipients, merged 1993 and 1995 files.

Text table 3-5.

Salary distribution for recent S&E Ph.D.s, by degree field: 1995

Science & Engineering Indicators —1998

(Dollars)
Percentile
Ph.D. degree field 10th 25th Median 75th 90th
AlLSEE ... 22,500 30,000 40,000 54,400 65,000
Life SCIBNCES .....oovveeeiriiiiciicie e 22,000 26,000 32,000 43,500 58,000
Agricultural SCIENCES .......cccovcuriiiiiiiieiieeeeeee e 24,000 26,500 37,949 47,900 55,000
Biological SCIENCES .........cccveuiriiieirieieicse e 21,000 25,000 30,000 37,000 52,000
Health/medical SCiences ..........cccocceeiieenieriieninenns 25,000 35,480 45,000 55,000 65,000
Math and computer SCIENCES ........cevvuvieeeeeiiiiiiineees 28,500 35,000 45,000 60,000 75,000
Mathematics.............. 25,000 32,000 36,000 47,000 64,000
Computer sciences 40,000 44,500 55,000 70,000 85,000
Physical SCIenCes.........cccocvviieiiiiiiiiceecee s 22,000 30,000 38,000 52,000 61,000
ChemIStY c..eeeesieeieeeeeeee e 20,000 27,000 42,000 55,000 62,000
Earth, atmospheric & oceanographic.................... 25,000 32,000 37,000 46,000 60,000
PRYSICS ..ot 24,000 30,000 36,000 50,000 60,000
S0oCial SCIBNCES ...ccvveeeeiiieeeiee e e 19,600 30,000 38,000 49,850 67,933
ECONOMICS ...ooviiiiiiiiiecc e 36,000 42,000 48,000 60,000 85,000
Political SCIENCE ......cocviiiiiiiiiieee e 25,000 32,000 37,000 50,500 71,600
PSYChOIOGY ...ccviviiiiiiinee e 18,500 28,000 37,500 48,500 67,000
Sociology/anthropology ..........cccceeeeeeiieeseesieeenne. 8,000 25,600 33,000 40,000 52,700
Engineering .... 32,000 43,000 54,000 63,000 72,000
ChemiCal ......coreriiieciee e 31,000 46,000 58,200 65,000 68,000
GVl 35,000 43,000 48,000 55,400 66,600
EleCtrical ....coceeeeeieieeeeee e 38,000 50,000 60,000 68,000 79,600
Mechanical ........cccovereeieneee e 36,000 45,000 52,000 60,000 67,000

NOTE: Recent Ph.D.s are those who received their degrees one to three years previously.

Science & Engineering Indicators — 1998
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Another meaningful way to view new doctorate salaries
is by sector of employment. Median salaries in 1995 for
recent Ph.D.s were highest in the private, noneducation sec-
tor ($56,000) and lowest for postdoctorates ($28,000). (See
text table 3-6.) Government salaries tended to be just slightly
above those of tenure-track positions in academia.’ While
the pattern of salary by degree field also varied by sector
of employment, salaries were generally higher in engineer-
ing and math/computer sciences and lower in the social and
life sciences.

Postdoctorate Appointments

A postdoctoral appointment is defined here as a tempo-
rary position awarded in academia, industry, or government
primarily for the purpose of gaining additional training in
research. This definition is used in the 1995 Survey of Doc-
torate Recipients to ask respondents about current and past
postdoctorate positions they have held.®

Data and analyses on postdoctorates are closely related
to recent Ph.D. labor market issues. In addition to gaining
more training, recent Ph.D. recipients may accept a tempo-
rary, usually lower paying, postdoctorate position because a
more permanent job in their field is not available. NSB
(1996) reported that there was no strong evidence that the
number or length of postdoctorate positions was being driven
by changes in labor market conditions. With the new data
provided by an extensive postdoctorate module in the 1995
Survey of Doctorate Recipients, some labor market effects
can now be discerned in some specific disciplines.

Reasons for Taking a Postdoctorate. The most commonly
reported reason given by 1995 postdoctorates for taking a
postdoctorate appointment was to acquire additional training

SSalaries reported on an “academic year” basis have not been adjusted up-
wards, as was done in pre-1996 volumes of Science & Engineering Indicators.

It is clear, however, that the exact use of the term “postdoctorate” differs
among academic disciplines, among different universities, and among the
different sectors that employ postdoctorates. It is likely that these differ-
ences in labeling affected self-reporting of postdoctorate status on the Sur-
vey of Doctorate Recipients.

Text table 3-6.

in their Ph.D. field (35.4 percent).” Other respondents
reported that they were taking a postdoctorate to receive train-
ing outside of their respective Ph.D. field® (18.5 percent) or
to work with a particular researcher or institution (21.5 per-
cent). Text table 3-7 shows reported reasons for taking a
postdoctorate in the six fields that accounted for 92 percent
of 1995 S&E postdoctorate appointments.

Beyond these traditional uses of a postdoctorate, 17.1 per-
cent of respondents reported that they accepted a postdoctorate
appointment because other employment was not available.
This proportion rises to 29.3 percent in the earth, atmospheric,
and oceanographic sciences and to 26.8 percent in physics—
two fields with relatively high unemployment and IOF rates
among recent Ph.D. graduates.

Incidence and Length of Postdoctorate Appointments.
Although there are some postdoctorate positions in all aca-
demic disciplines, most are concentrated in a small number
of fields in which postdoctorate appointments are part of a
traditional career path. Although some scientists and engi-
neers appear to take postdoctorate positions at all points in
their careers, they usually do so within a few years of com-
pleting their doctorate. (See figure 3-2.) The incidence of
postdoctorate appointments is greatest in the biological
sciences and physics, but few are in postdoctorate positions
in these fields beyond six years after degree award.’

Text table 3-8 provides information from the SDR
Postdoctorate Module on the proportion of each graduation
cohort that ever held a postdoctorate position and the median

7A recent joint National Science Foundation-French National Center for
Scientific Research (CNRS) project to study French doctorates and
postdoctorates in the United States showed a similar pattern. Although not
a fully representative sample, many of the respondents noted that the rea-
son they took a postdoctorate in the United States was to improve their job
opportunities in France (see Terouanne 1997).

8Many respondents to this question may have interpreted “field” very
narrowly, so training outside of their field may simply refer to a subfield of
their discipline that lies outside their dissertation work.

The profile of those who had a postdoctorate in 1995 does not reveal
much about the length of time spent in postdoctoral appointments—a per-
son in a postdoctorate six years after obtaining a Ph.D. may have just be-
gun the appointment. The profile also does not reveal much about how
postdoctorates today differ from their historical patterns.

Salaries of recent S&E Ph.D.s, by degree field and employment sector: 1995

(Dollars)

Private, Other
Ph.D. degree field noneducational ~ Government Tenure track Postdoctorate education
All S&E 56,000 46,000 41,300 28,000 35,000
Life SCIENCES ..c.verveierieieree e 52,000 42,500 42,500 26,500 33,900
Math and computer SCiences .........cccccceeeeiueennne 65,000 61,250 43,000 35,000 35,900
Physical SCIeNCes.........ccoveeiiiiiiiiiiiiececeiene 55,000 52,000 38,000 30,000 34,000
Social sciences . 48,000 44,784 38,200 27,000 34,000
ENGINEEring ....cceeiveeiieieeieeeee e 60,000 52,000 49,300 33,000 43,000

SOURCE: National Science Foundation, Science Resources Studies Division, 1995 Survey of Doctorate Recipients.

Science & Engineering Indicators — 1998
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Text table 3-7.

Reasons for taking current postdoctorate, by field: 1995

(Percentages)

Additional training  Training outside Work with a particular

Other employment

Ph.D. degree field in Ph.D. field of Ph.D. field person or place not available Other
AlIS&E ..o 35.4 18.5 21.5 17.1 7.5
Agricultural sciences................. 38.1 13.7 11.8 20.6 15.8
Biological sciences 38.6 23.2 20.9 11.1 6.3
Chemistry .....ccooeivciviiiiiiiies 26.3 13.0 18.4 21.8 10.4
Earth, atmospheric

& oceanographic sciences.... 25.2 3.4 38.7 29.3 3.4
PhySiCS ...oocviiiiiiiicenecee 33.1 121 21.6 26.8 6.5
Psychology ......ccccccoeveeerieenens 43.0 11.5 21.7 13.1 10.8

SOURCE: National Science Foundation, Science Resources Studies Division, 1995 Survey of Doctorate Recipients, Postdoctorate Module.

Figure 3-2.
Percentage of Ph.D.s in postdoctorate positions,
by years since degree: 1995

Percent
100

e

Biological sciences

Years since degree

SOURCE: National Science Foundation, Science Resources Studies
Division, 1995 Survey of Doctorate Recipients.
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number of months in postdoctorates for those who held them. !
For the more recent cohorts, particularly those only one to three
years since degree, length of time in postdoctorate is constrained
by the limited time they have held their degrees.

Across all fields, the Postdoctorate Module shows a steady
increase over time in both the incidence and length of
postdoctorate experiences. It is difficult to tie these trends
directly to labor market events or even to claim a consistent
pattern across fields. In physics, chemistry, and psychology—

0Recall bias may well lead to underreporting of postdoctorate experi-
ences by older cohorts, but this occurrence may be less problematic than
comparisons of reported postdoctorate rates among the sometimes dissimilar
survey instruments used over the years. For length of appointment, up to
three postdoctorates reported in the Postdoctorate Module are aggregated.

Science & Engineering Indicators — 1998

Text table 3-8.
Incidence and length of postdoctorate appoint-
ments, by selected S&E fields: 1995

Years since Ph.D. degree
Field 1-3 46 7-10 11-20 21-30 31+

Percentage ever in postdoctorate appointment

AIlS&E ........................ 413 379 386.3 34.0 29.2 250
Agricultural sciences ... 43.9 439 35.0 27.6 19.2 14.0
Biological sciences ...... 710 715 71.8 66.3 51.2 39.9

Chemistry ........ccceuee. 63.0 57.7 552 46.1 50.6 30.5
Earth, atm. &

ocean. sciences......... 48,5 523 40.0 373 214 153
Physics ..... .. 729 68.1 59.0 52.7 444 293
Psychology .................. 31.8 236 273 253 213 225

Months spent in postdoctorate appointment

AIlS&E ........................ 18 29 29 26 28 20
Agricultural sciences ... 20 20 22 25 25 12
Biological sciences...... 23 46 45 38 28 24

Chemistry ........ccceeuee. 19 22 24 22 23 16
Earth, atm. &

ocean. sciences......... 17 23 19 16 12 14
Physics .............. 34 32 25 24 23

15 16 20 13 19

Psychology

NOTES: Fields selected are those with a high incidence of
postdoctorate appointments. “Months spent in postdoctorate
appointment” refers to the median of the sum of the lengths of each
reported postdoctorate experience.

SOURCE: National Science Foundation, Science Resources Studies
Division, 1995 Survey of Doctorate Recipients, Postdoctorate Module.
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fields with distinct labor markets—the incidence of
postdoctorates between one to three and four to six years after
degree has risen, despite the lesser opportunity of the younger
cohort to obtain a postdoctorate. In psychology, the agricultural
sciences, and chemistry, there is no trend toward longer
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postdoctorate appointments. In the biological sciences, even the
mid-career cohort—11 to 20 years after degree—had a very
high incidence (66.3 percent) and length (38 months) of
postdoctorate positions.

Postdoctorate Transitions: What Were 1993 Postdoc-
torates Doing in 1995? Of those in postdoctorate positions
in April 1993, 41.6 percent were still in a postdoctorate posi-
tion in April 1995. (See text table 3-9.) Only 12.1 percent
transitioned from a postdoctorate to a tenure-track position
at a four-year educational institution; 21.2 percent found other
positions at educational institutions, and 16.6 percent went
to work for a private for-profit firm.

The percentage of postdoctorates obtaining tenure-track
positions is not large even for those with greater time since
degree—only 18.8 percent of 1993 postdoctorates who were
five to six years since degree were in tenure-track positions in
1995. (See text table 3-10.) This is, however, a much greater
rate of transition to permanent academic jobs than for
postdoctorates one to two years since degree (10.4 percent).
One in five is still a low rate if an academic career is viewed
as the primary objective of most Ph.D. scientists accepting a
postdoctorate appointment at that point in their career.

For those in postdoctorates seven or more years after their
degree, the rate of transition to tenure-track appointments
drops to 9.8 percent. To a great extent, this rate is driven by
career patterns in the biological sciences, where there have
long been large numbers of Ph.D. scientists pursuing
multiple postdoctorate appointments. However, in physics—
where multiple postdoctorates are a more recent phenom-
enon!'—the percentage of postdoctorates transitioning to
tenure-track appointments begins to drop much earlier (three
to four years since degree), to 7.1 percent.

For both physics and the biological sciences, the unem-
ployment rate in 1995 for 1993 postdoctorates was greatest

!See text table 3-8 for the historical pattern of postdoctorates. Due
to the small numbers of physicists in postdoctorates beyond four years
after their degree, there was not a sufficient sample size to estimate
transition rates.

Text table 3-9.

for those with more time since degree—3.4 percent for
biological scientists seven or more years since degree and
for physicists three to four years after degree. There was also
an increase in the rate of transition to the “other education”
category. This category includes some individuals who be-
come adjunct faculty, but it primarily encompasses other non-
tenure-track research and administrative jobs at a university.

Selected Characteristics
of the S&E Workforce

The data in this section are drawn from the National Sci-
ence Foundation’s (NSF’s) Scientists and Engineers Statis-
tical Data System (SESTAT),!? which is a unified database
containing information on the employment, education, and
other characteristics of the nation’s scientists and engineers.
For a discussion of labor force indicators drawn from other
surveys, see “The S&E Labor Market Since 1995: Indica-
tors From Other Surveys.”

Basic Characteristics

Of the approximately 3.3 million individuals in science
and engineering occupations in the labor force in 1995, only
2.2 percent (70,600) reported themselves as unemployed.
The highest unemployment rate was reported for physical

12SESTAT data are collected from three component surveys sponsored by
NSF and conducted periodically throughout each decade: (1) the National Sur-
vey of College Graduates, (2) the National Survey of Recent College Graduates,
and (3) the Survey of Doctorate Recipients. SESTATs target population is resi-
dents of the United States with a bachelor’s degree or higher (in either an S&E or
non-S&E field) who, as of the study’s reference period, were:
4 non-institutionalized,
4 not older than age 75, and
@ cither trained or working as a scientist or engineer—i.e., either had at
least one bachelor’s or higher degree in an S&E field or had a bachelor’s
or higher degree in a non-S&E field and worked in an S&E occupation as
of the reference week.
For the 1995 SESTAT, the reference period was the week of April 15, 1995.

Employment status of 1993 postdoctorates, by S&E field: 1995

(Percentages)
Tenure track Private not-
Post- at 4-year Other Private for-profit/

Field doctorate institution education for-profit government Unemployed
AlIS&E...........cccoeneee. 41.6 121 21.1 16.6 6.9 1.6
Agricultural sciences .... ... 475 5.8 18.9 15.8 6.7 5.4
Biological SCIENCES ........ccoccuiiiiiiiiiiiieeceeee e 47.8 12.0 20.5 12.9 4.9 1.9
Chemistry ....ccceieieiiice s 35.2 13.2 12.5 32.0 6.4 0.9
Earth, atmospheric & oceanographic sciences ..... 34.0 12.6 33.2 7.8 12.5 0.0
PRYSICS ..o 43.0 12.7 20.9 14.7 6.2 2.6
Psychology 34.4 11.3 28.2 15.1 11.0 0.0

SOURCE: National Science Foundation, Science Resources Studies Division, Survey of Doctorate Recipients, merged 1993 and 1995 files.

Science & Engineering Indicators — 1998
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Text table 3-10.

Postdoctorate transitions by years since 1993 degree: 1995

(Percentages)

1995 employment status of 1993 postdoctorates

Postdoctorate field and years Tenure Post- Other Non-

since 1993 degree track doctorate education education IOF Unemployed

11.9 40.5 20.2 214 3.1 1.6

10.4 45.8 16.2 22.2 3.3 1.0

13.4 36.5 21.9 21.3 2.3 2.7

18.4 35.8 18.6 18.7 3.7 25

9.8 28.4 33.1 20.2 3.9 1.7

11.6 46.5 19.2 15.8 2.8 1.9

6.3 58.8 15.6 141 3.1 0.7

16.5 38.0 19.5 19.1 1.6 2.9

.................. 20.1 35.6 18.2 16.2 3.7 25

7 OF MOIE YEAIS .cueeeeeeeieaeeieeaeaeeeaeneens 13.4 27.9 34.2 14.2 4.1 3.4

PRySICS ......coociiiiiciiice e, 12.5 42.3 20.6 17.6 3.3 2.6

1-2 YEArS .eeeieeeeeeeeeeeee e 14.0 47.5 13.5 16.8 5.9 1.9

B-4 YEAIS ..o 71 35.8 35.2 15.5 0.0 3.4

5-6 YEAIS ..couevrierieeeiieee e n/s n/s n/s n/s n/s n/s

7 OF MOKE YEAIS .....eereiuieiiciiieeciiee e n/s n/s n/s n/s n/s n/s

n/s = not surveyed

SOURCE: National Science Foundation, Science Resources Studies Division, Survey of Doctorate Recipients, merged 1993 and 1995 files.

NOTE: Some percentages may differ from those in text table 3-9 due to the inclusion of involuntarily out-of-field (IOF) employment.
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The S&E Labor Market Since 1995: Indicators From Other Surveys

Although detailed biennial surveys of individuals such
as NSF’s SESTAT allow examination of complex patterns
and long-term trends in education and employment, they
are less well-suited to tracking short-term changes in em-
ployment rates. Data from the 1997 NSF labor force sur-
veys are still in the process of being collected, but other
data may serve as indicators of changes in market condi-
tions since April 1995. In general, these data suggest that
labor market conditions are improving. This is consistent
with improvements in the general economy, specifically
with unemployment rates for all workers, as measured by
the monthly Current Population Survey, which dropped
from 5.7 percent in April 1995 to 4.7 percent in October
1997. Thus:

4 The American Mathematical Society surveyed 1996-
97 new recipients of mathematics Ph.D.s in the fall of
1997. This soon after graduation, the unemployment
rate was a relatively high 6.8 percent. However, this
rate represents a large decrease from the 14.7 percent
unemployment rate found for the 1994-95 Ph.D. co-
hort two years earlier by the same survey.

4 The American Institute of Physics estimated a 4.0 per-
cent unemployment rate for the 1994-95 cohort of

recipients of physics Ph.D.s in the winter after their de-
grees. The corresponding estimate of the previous year,
for the 1993-94 cohort, was 5.0 percent unemployment.

¢ In 1997, several S&E professional societies, in col-
laboration with the Commission on Professionals in
Science and Technology, coordinated their surveys of
new Ph.D.s. Among other common survey items, re-
cent Ph.D. recipients were asked to characterize on a
scale of 1 to 5 (where 1 is strongly disagree and 5 is
strongly agree) their agreement with various statements
about their current jobs. Preliminary results are avail-
able for chemistry, chemical engineering, computer
sciences, earth and space sciences, and psychology.
New Ph.D.s in these fields showed much agreement
that their current jobs were “at least somewhat related
to my field” (average values within a field ranged from
4.3 for chemical engineering to 4.6 for the computer
sciences); and that the job was “commensurate with
my education and training” (mean scores of 4.1 to 4.4).
However, there was less agreement with “position simi-
lar to what I expected to be doing when I began my
doctoral program,” with mean values ranging from 3.4
in psychology to 3.7 in the computer sciences.
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scientists (2.7 percent) and the lowest for social scientists
(1.2 percent). By degree level, only 2.1 percent of the sci-
entists and engineers whose highest degree was a bachelor’s
degree and 1.8 percent of those with a doctorate were un-
employed, compared to 2.5 percent of those with a master’s
degree. (See figure 3-3.)

Employment by Field

Engineers represented 42 percent (1.34 million) of the em-
ployed scientists and engineers in 1995; followed by computer
and math scientists, who accounted for 30 percent (950,000)
of the total. (See appendix table 3-4.) Physical scientists
accounted for less than 10 percent of the S&E workforce in
1995. By subfield, electrical engineers made up about one-
fourth (357,000) of all employed engineers, while biological
scientists accounted for a little over half (169,000) of the em-
ployment in the life sciences. In physical and social science
occupations, chemists (111,000) and psychologists (167,000)
made up the largest occupational subfields, respectively.

Highest Degree Level

Almost 58 percent of those working in S&E occupations
in 1995 reported their highest degree as a baccalaureate, while
28 percent listed a master’s degree and 13 percent a doctor-
ate. (See appendix table 3-4.) Other professional degrees were
reported as the highest degree type achieved by about 1 per-
cent of the S&E workforce. Almost half of those with
bachelor’s degrees were employed as engineers. (See text table
3-11.) Another 34 percent had jobs as computer and math
scientists. These occupations were also the most popular
among those with master’s degrees (40 percent and 30 per-
cent, respectively). Most doctorate-holders were employed
in the social sciences (27 percent), life sciences (25 percent),
and physical sciences (19 percent).

Relationship Between Occupation
and Education

Approximately 83 percent (2.6 million) of those in the
S&E workforce in 1995 had their highest degree in an S&E
field; the exact proportions vary by highest degree level.

Text table 3-11.

Figure 3-3.

Unemployment rates of scientists and

engineers, by broad occupation and highest degree
received: 1995

Percent
4.0

[ All degrees [l Bachelor’s [ Master’'s [ Ph.D. {

AllS&E Computer  Life Enginee_rs_

Physical ~ Social
occupations & math  scientists scientists scientists
scientists

NOTE: Total includes other professional degree recipients.

See appendix table 3-3. Science & Engineering Indicators —1998

About 74 percent of master’s degrees were in an S&E field,
compared to 94 percent of doctoral degrees (NSF 1995c).
By field, almost 77 percent of engineers and 80 percent of
social scientists were working in their highest degree fields.
Similar proportions existed among physical scientists (73
percent) and life scientists (71 percent). By contrast, over 57
percent of computer and math scientists reported their high-
est degrees to be in other fields. (See text table 3-12.)

A large number of people trained in S&E disciplines rou-
tinely find S&E-related employment in nontraditional S&E oc-
cupations. For example, approximately 4.7 million people with
S&E degrees were employed in non-S&E occupations in 1995;
about 65 percent of these reported that their work was at least
somewhat related to their degrees. (See text table 3-13.) Ap-
proximately four-fifths of both doctoral and master’s S&E de-

Distribution of employed scientists and engineers, by broad occupation and highest degree received: 1995

(Percentages)

Other

Bachelor’s Master’s Ph.D. professional

Occupation Total degree degree degree degree
All scientists and engineers ...................cccoceenee 100.0 100.0 100.0 100.0 100.0
Computer and math scientists .........ccccveciveeiicveenne 29.8 33.9 30.0 12.9 8.8
Life scientists ........ccccceeeeeiienenn. 9.6 6.6 7.2 245 56.7
Physical scientists................ 8.6 6.9 7.5 18.9 0.6
Social SCIENtISES ....ecvieiieiiierieeee e, 10.0 3.3 15.2 271 25.8
ENGINEErs .......ccoociiiiiicii i 42.0 49.3 40.1 16.7 8.1

See appendix table 3-4.

Science & Engineering Indicators — 1998
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Text table 3-12.
Distribution of employed scientists and engineers, by broad occupation and degree field: 1995
(Percentages)
Degree field (all levels)
Math &
computer Life Physical Social
Occupation Total sciences sciences sciences sciences  Engineering Non-S&E
All scientists and engineers ................. 100.0 14.0 9.3 9.8 121 37.5 17.3
Computer and math scientists................. 100.0 42.8 2.3 3.9 9.3 15.3 26.3
Life scientists .......c.cccoveieniiiiiniciie 100.0 0.5 71.1 6.4 4.7 1.2 16.1
Physical scientists..... .. 100.0 1.8 12.2 73.2 2.7 5.2 5.0
Social scientists ........cceveeeveenieiieiieee 100.0 0.5 1.1 0.3 79.7 0.5 17.8
ENgineers .......ccoovviieiiencciecceee 100.0 2.4 1.6 4.1 1.6 76.8 13.6

See appendix table 3-5.

gree recipients who were employed in non-S&E occupations
in 1995 reported that their jobs were closely related to their
degrees, compared to three-fifths of bachelor’s degree-holders.

Age Distribution

Age distributions for S&E occupations are affected by his-
torical S&E degree production patterns, net immigration, oc-
cupational mobility, morbidity, and mortality. For each degree
level and field, the greatest population density occurs during
prime productive years—i.e., during the late 30s and through-
out the 40s. (See figure 3-4.) This trend reflects the pattern of
S&E degree production over the last 50 years—rapid growth
with a more recent slowing. Scientists or engineers nearing
traditional retirement and high mortality ages are far less nu-
merous than those in the early stages of their careers. This age
distribution has several implications for the S&E labor force:

Figure 3-4.
Age distribution of employed scientists and
engineers, by highest degree received: 1995

Percent
100
:; — Bachelor's - Other professional degree i
js| T Masters  —- Aldegrees |
...... Ph.D

10

il L L L L L L L

ok
<25 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 >64

Age group

See appendix table 3-6.
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¢ Barring very large reductions in degree production or
increases in retirement rates, the number of trained scien-
tists and engineers in the workforce will continue to
increase for some time. The number of individuals who
are now receiving S&E degrees greatly exceeds the num-
ber of S&E-trained workers who are near traditional
retirement ages.

4 The number of scientists and engineers reaching traditional
retirement ages will increase dramatically over the next
25 years at every degree level.

¢ If there is less rapid growth in degree production than in
the past, the average age of trained scientists and engi-
neers in the labor force will increase. There are many ad-
vantages to having a more experienced S&E labor force.
However, in many Ph.D. fields, the greatest productivity
in terms of articles published often occurs early in an
individual’s career.

Sector of Employment

The private for-profit sector is by far the largest employer
of S&E workers. In 1995, 72 percent of scientists and engi-
neers with bachelor’s degrees and 59 percent of those with
master’s degrees were employed in a private for-profit
company. Academia was the largest sector of employment
for those with doctorates (43 percent). Sectors employing
smaller numbers of S&E workers include educational insti-
tutions other than four-year colleges and universities, non-
profit organizations, and state and local government agencies.

Among S&E occupations, there is a wide variation in
the proportions of scientists and engineers employed in pri-
vate for-profit industry. While nearly three-fourths of both
computer and math scientists and engineers were employed
in this sector, only one-fourth of life scientists and one-
fifth of social scientists were so employed in 1995. (See
appendix table 3-7.) Educational institutions employed the
largest proportions of life scientists (49 percent) and social
scientists (44 percent).
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Text table 3-13.

S&E degree-holders employed in non-S&E occupations, by relationship of degree to job and

highest degree received: 1995

(Percentages)
Relationshop of degree to job
Total number

in non-S&E Closely Somewhat Not
S&E degree obtained occupations related related related
All degree-holders ..............cccooiiiiiiiiiiiiieeee. 4,690,200 32.6 32.4 35.0
BaChelor's .......ccoiueeieiecieceseeee e 3,821,100 29.0 32.9 38.1
MaSEEI’S ....oeiiiiiiiee e 699,200 48.3 29.8 21.9
Ph.D. .o 166,500 48.2 34.1 17.6
Other professional..........ccocceeceerieeieesieeeeee e 3,400 71.5 0.0 28.5

SOURCE: National Science Foundation, Science Resources Studies Division, 1995 SESTAT (Scientists and Engineers Statistics Data System) Surveys of

Science and Engineering College Graduates, unpublished tabulations.

Salaries

Median annual salaries of all S&E workers serve as an
excellent indicator of the relative demand for workers in vari-
ous S&E fields. In 1995, the median annual salary of em-
ployed bachelor’s degree-holders was $48,000; for master’s
recipients, it was $53,000; and for doctorate-holders, $58,000.
(See figure 3-5.) Engineers commanded the highest salaries
at each degree level. The second highest salaries were earned
by computer and math scientists at both the bachelor’s and
master’s levels, and physical scientists at the doctorate level.
The lowest median salaries were reported for social scien-
tists at each degree level.

Figure 3-5.

Science & Engineering Indicators — 1998

Median salaries for scientists and engineers rise steadily with
the number of years since degree completion. For example, in-
dividuals who earned their bachelor’s or master’s degrees in the
early 1990s earned about $15,000 less in 1995 than those who
received their degrees in the early 1980s (NSF 1995c¢). For doc-
torate-holders, the difference is $18,000. (See text table 3-5 for
salary comparisons of those with recent Ph.D.s.)

Women in the S&E Workforce

The U.S. workforce has experienced dramatic changes in
its composition during the last half of the 20th century. These
changes are attributable in large part to demographic changes
stemming from immigration and from birth rates that differ

Median annual salaries of employed scientists and engineers, by broad occupation and

highest degree received: 1995
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See appendix table 3-8.
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among racial and ethnic subgroups in the United States. The
majority of net new entrants to the workforce are women
and minorities. These general trends are also reflected in the
S&E workforce.

Employment by Field

Women comprised a little over 22 percent of the S&E
workforce in 1995. (See figure 3-6.) Women are best repre-
sented in the social sciences, where they account for one-
half of all workers; they are least represented in the physical
sciences (22 percent) and engineering (9 percent). Among
the science subfields, women are well-represented in bio-
logical sciences (40 percent) and in mathematics (33 per-
cent). Within engineering subfields, women are best
represented in chemical and industrial engineering (13 per-
cent each) and least represented in aerospace and mechani-
cal engineering (6 percent each).

Highest Degree Level

By level of degree, 13 percent of women in S&E occupa-
tions report a doctorate as their highest degree—the same
proportion as for men. (See appendix table 3-11.) Almost
one-third of women report a master’s as their highest degree,
compared to 27 percent of men. The proportion of women in
the S&E workforce is much greater for more recent gradua-
tion cohorts at all degree levels. With the exception of
computer and math scientists, well over half of the women in
each broad S&E occupation at every degree level received
their degrees after 1984 (NSF 1995c¢).

Sector of Employment
Women accounted for 28 percent of the scientists and en-
gineers employed in four-year colleges and universities in 1995

Figure 3-6.
Proportion of women in the S&E workforce,
by broad occupation: 1995
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Figure 3-7.
Women as a proportion of employed scientists
and engineers, by sector of employment: 1995
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and 39 percent of the S&E workers in other educational insti-
tutions. (See figure 3-7.) Only 18 percent of the scientists and
engineers in private industry were female. However, this
sectoral breakout was due to the extensive presence of women
in social science occupations—a large proportion of which
are jobs in educational institutio ns. Among the other employ-
ment sectors, women represented 42 percent of the S&E work-
ers in private nonprofit organizations and 32 percent of
self-employed scientists and engineers.

Sex and Salary

In 1995, the median annual salary for women scientists and
engineers was $42,000—about 20 percent less than the $52,000
median annual salary for men. (See figure 3-8.) This difference
could be influenced by several factors. For example, women
were more likely than men to be working in educational institu-
tions, in social science occupations, and in nonmanagerial posi-
tions; they also tended to have less experience than men. Among
scientists and engineers in the workforce who have held their
degrees five years or less, the median annual salary of S&E
women was 85 percent that of men (NSF 1995c¢).

The salary differential varied greatly by field. In math-
ematics and computer sciences and in engineering occupa-
tions in 1995, women’s salaries were approximately 14 percent
less than men’s. There was a 23 percent salary difference in
social and life science occupations. Women also reported the
highest and lowest median salaries in these occupations:
women earned the highest median salary in engineering
($47,000) and the lowest in the life sciences ($34,600). (See
appendix table 3-13.)
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Figure 3-8.
Median annual salaries of employed scientists and
engineers, by broad occupation and sex: 1995
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Racial/Ethnic Minorities in
the S&E Workforce

Minorities, except for Asians, are a small proportion of
employed scientists and engineers in the United States.
Asians, who make up 4 percent of the U.S. population (U.S.
Bureau of the Census 1997), accounted for 10 percent of all
S&E workers in 1995. Blacks and Hispanics made up 3.4
and 2.8 percent of the S&E workforce, respectively, in 1995;
yet they represented 12 and 9 percent of the U.S. popula-
tion. (See text table 3-14.)

Text table 3-14.

Distribution of employed scientists and engineers,
by broad occupation and race/ethnicity: 1995
(Percentages)

Asian/
Pacific Native

Occupation White Black Hispanic Islander American
All scientists

& engineers ........ 83.9 34 2.8 9.6 0.3
Computer &

math scientists .... 82.7 4.1 2.4 10.6 0.2
Life scientists........... 842 3.2 2.8 9.5 0.2
Physical scientists .. 84.8 2.8 2.5 9.6 0.3
Social scientists ...... 875 5.2 3.1 3.7 0.5
Engineers ............... 83.7 26 3.1 10.3 0.3

See appendix table 3-10. Science & Engineering Indicators — 1998

Employment by Field

Among broad S&E occupations, Asians—=84 percent of
whom are foreign-born (NSF 1995¢)—are the best represented
minority group in computer or math sciences, physical
sciences, life sciences, and engineering. In each of these
occupations, Asians account for around 10 percent.

The underrepresented minorities—blacks, Hispanics, and
Native Americans—are more likely to enter the social
sciences and least likely to enter the physical sciences. Blacks
are the best represented minority group in social science
occupations (5 percent). Blacks also account for 4 percent of
computer and math scientists. (See appendix table 3-10.)

Highest Degree Level

Proportionately, Asians tend to have higher levels of edu-
cation than whites or underrepresented minorities. Almost 60
percent of Asians in the S&E workforce have a master’s or
doctorate degree as their highest degree, compared to about
40 percent for whites and 35 percent for other minority groups.
(See appendix table 3-11.)

Sector of Employment

Representation of minority groups differs by employment
sector. Asians are the best represented minority group in four-
year colleges and universities (13 percent), in industry (10
percent), and in the other employment sectors. Blacks are the
second best represented minority in the Federal Government
(5.4 percent) and in state and local government (5.1 percent).
(See appendix table 3-12.)

Salaries

Median annual salaries of Asian scientists and engineers
in 1995 did not vary significantly from those of whites
($50,000 versus $50,400, respectively). In contrast, the sala-
ries of other minority groups were generally 5 to 10 per-
cent below that of whites. (See figure 3-9.) As with women,
the salary difference was mostly due to the greater propor-
tion of minorities in the lower paying social science occu-
pations and to their having fewer years of work experience
than whites. However, the salary gap almost disappears with
more recent entrants into the S&E workforce (that is, those
who received their degree five years ago or less), as the
median annual salaries are about the same for all racial/
ethnic groups (NSF 1995c¢).

In 1995, the highest median annual salaries for all racial/
ethnic groups were in engineering occupations. Black engineers
earned $48,600; Hispanic engineers, $50,000; Asian engineers,
$52,000; and Native American engineers, $53,000. The lowest
salaries for blacks were in social and life science occupations
($35,000); for Native Americans, physical science occupations
were the lowest paying ($32,000); and for Hispanics, it was life
science occupations ($37,000). (See appendix table 3-13.)
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Figure 3-9.

Median annual salaries of employed scientists and engineers, by broad occupation and race/ethnicity: 1995
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S&E Job Patterns
in the Service Sector”

Although the service sector accounted for only 4 percent of
the scientists, 10 percent of the engineers, and 26 percent of the
technicians employed in the United States in 1994 (the latest
year for which data are available), analysts look to service sec-
tor employment as a leading indicator of the health of the S&E
labor market, given the economic shift from a manufacturing to
a service-oriented base.!* The term “service sector” as used
here denotes establishments engaged in wholesale and retail
trade, transportation, communication, and utilities. Employment
of scientists, engineers, and technicians in the service sector
increased from 1988 to 1991, then dropped sharply from 1991
to 1994. By 1994, the number of employed scientists and engi-
neers in service industries (185,200) was 8 percent below the
1988 level of 202,000 and 15 percent below the 1991 level of
219,000.1 (See text table 3-15.)

BInformation in this section is from NSF (1997d).

14Service sector industries are those included in Standard Industrial Classi-
fication codes 40-59. Excluded are educational services and state and local
governments. Other industries traditionally thought of as “service” industries—
such as financial, insurance, real estate, and legal service; entertainment; health
services; social services; and hotels and other lodging places—are covered
under a separate survey cycle on nonmanufacturing industries; these were last
reported on by NSF (forthcoming). Note that the industry groups referred to
here as the “service sector” were denoted as “trade and regulated industries” in
previous survey cycles.

>These data are compiled from the Occupational Employment Statis-
tics survey conducted by the U.S. Bureau of Labor Statistics, with sup-
port from NSF. (See NSF 1997¢.) Until 1996, U.S. business establishments
were surveyed once every three years, with roughly one-third of the es-
tablishments covered each year. Starting with the 1996 survey cycle (for
which data are not yet available), all establishments employing nonfarm
wage and salary workers are being surveyed annually.

[ Asian/Pacific Islander

D Native American N
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Engineering and technician employment was particularly
affected by the downturn, as the 1994 total of 129,800 engi-
neers employed in the service sector represented a drop of
11 percent from 1988 and 16 percent from 1991. Technician
employment dropped 12 percent over the six-year period.
Although employment of scientists dropped 13 percent be-
tween 1991 and 1994, the overall decline for the 1988-94
period was negligible.

Principal Employers

As described here, the service sector is divided into three
major industry groups: (1) transportation, communications,
and utilities; (2) wholesale trade; and (3) retail trade. Within
these groups, three industries accounted for 80 percent of
total employed scientists and engineers in the service sector
in 1994, down from 85 percent in 1988:

4 wholesale trade—durable goods, 31 percent of service sec-
tor S&E employment in 1994;

4 utilities (electric, gas, and sanitary services), 29 percent; and
4 communications, 20 percent.

Most of the total sectoral drop in S&E employment be-
tween 1988 and 1994 occurred in wholesale trade—durable
goods, where 13,500 S&E jobs (19 percent of the industry’s
1988 S&E workforce) were lost; and in communications,
where 9,000 S&E jobs (20 percent of the industry’s 1988
S&E workforce) were lost. (See figure 3-10.)

Partially offsetting the sizable loss in these two indus-
tries were gains in wholesale trade—nondurable goods,
which provided 2,900 jobs, representing 35 percent of the
industry’s 1988 S&E workforce; and retail trade, with
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Text table 3-15.
Scientists, engineers, and technicians employed
in service sector

Occupation 1988 1991 1994
All scientists, engineers,
technicians ................. 472,500 477,900 422,700
All scientists & engineers 202,000 219,000 185,200
Scientists 55,500 63,900 55,400
Engineers .... 146,500 155,100 129,800
Technicians .................... 270,500 258,900 237,500

SOURCE: National Science Foundation, Science Resources Studies
Division, “Services Sector S&E Employment Rises, Then Falls
Sharply as Engineering and Technician Jobs Are Cut,” Data Brief,
NSF 97-322 (Arlington, VA: 1997).
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Figure 3-10.
Distribution of service sector S&E jobs,
by major industry group
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SOURCE: National Science Foundation, Science Resources Studies
Division, “Services Sector S&E Employment Rises, Then Falls Sharply
as Engineering and Technician Jobs Are Cut,” Data Brief, NSF 97-322
(Arlington, VA: 1997).
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3,300 new jobs, representing 34 percent of the industry’s
1988 S&E workforce, over the six-year period. In 1994,
however, combined total S&E employment in these latter
two industries constituted only 13 percent of sectoral S&E
employment (3 percent in wholesale trade—nondurable
goods and 10 percent in retail trade), which was down
from 1991 levels in both industries.

Employment of Scientists

At first glance, scientists might appear to have escaped
the decline experienced by their engineer and technician
counterparts, as total 1994 employment of 55,400 scientists
in the service sector was virtually unchanged from the 1988
figure of 55,500. However, employment of scientists had

jumped to 63,900 (an increase of 15 percent) between 1988
and 1991 before falling back in 1994 to the earlier level.
Among service industries employing at least 1,000 scien-
tists in 1991, science employment in all but one declined—of-
ten dramatically—between 1991 and 1994. These industries
included general merchandise stores and air transportation (both
down by 34 percent); trucking and warehousing (down 29 per-
cent); transportation services (down 25 percent); wholesale
trade—durable goods (down 20 percent); furniture and home
furnishings stores (down 18 percent); wholesale trade—nondu-
rable goods (down 13 percent); miscellaneous retail (down 5
percent); and electric, gas, and sanitary services (down 4 per-
cent). Only in communications was there a 1991-94 increase in
employment of scientists (3 percent) (NSF forthcoming).

Employment of Engineers

Of'the 19 service sector industries, three accounted for 87
percent of all employed engineers in 1994:

4 wholesale trade—durable goods, 45,700 (35 percent);
4 clectric, gas, and sanitary services, 39,900 (31 percent); and
4 communications, 27,000 (21 percent).

All three industries suffered declines in engineering employ-
ment over the full six-year period 1988-94 and over the shorter
1991-94 period. Wholesale trade—durable goods lost 19,800
engineering jobs between 1991 and 1994 (35 percent of the
industry’s 1988 engineering workforce and 30 percent of its 1991
engineering workforce). Engineering job losses were more
moderate in the other two large service industries. Electric, gas,
and sanitary services lost 2,400 (6 percent) of its 42,300 1988
engineering jobs; and communications lost 6,100 (18 percent)
of'its 33,100 1988 engineering positions. (See figure 3-11.)

Among smaller service industries employing at least 1,000
engineers in 1991, a substantial 1988-94 decline in engineer-
ing employment was suffered only by air transportation (a
4 percent decline, but dropping to 33 percent of its 1991 level).
All other such service industries either maintained or increased
their employment of engineers. Industries employing at least
1,000 engineers and experiencing 1988-94 increases included
miscellaneous retail (67 percent), water transportation (60
percent), furniture and home furnishings stores (40 percent),
and wholesale trade—nondurable goods (23 percent).

Employment of Technicians

Service sector employment of technicians was dominated
by the same three industries as engineering in 1994—and,
with 85 percent of this group, almost to the same extent.
Wholesale trade—durable goods employed 92,300 (39 per-
cent) of the sector’s technicians and experienced the most sig-
nificant declines—a loss of 10,800 jobs (4 percent) between
1988 and 1991, and an additional 13,400 jobs (13 percent)
between 1991 and 1994. The combined loss of 24,200 tech-
nician jobs in wholesale trade—durable goods from 1988 to
1994 represented 73 percent of the lost technician jobs in the
entire service sector over a six-year period.
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Figure 3-11.
Engineering employment in the service sector,
by major industry group
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SOURCE: U.S. Bureau of Labor Statistics, Occupational Employment
Statistics Survey.
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Communications, the second largest technician-employ-
ing service sector (64,300 jobs, or 27 percent of the sectoral
total in 1994) lost 5,200 jobs between 1988 and 1991, but
gained 3,000 of these back between 1991 and 1994. Electric,
gas, and sanitary services—the third largest employer of tech-
nicians in the service sector—lost 5,200 (8 percent) of its
66,500 1988 technician jobs. Like communications, it gained
3,000 of these positions back between 1991 and 1994.

Scientists and Engineers
in an International Context:
Migration and R&D Employment

Foreign-Born Scientists and Engineers
in the United States

In April 1993, 23.0 percent of individuals holding science
and engineering doctorates in the United States were foreign-
born.'® (See text table 3-16.) Of these, 34.1 percent received
their S&E doctorates from a foreign school. At the bachelor’s
degree level, 9.8 percent of those with S&E degrees were for-
eign-born, with 49.1 percent of degrees from foreign schools.

The relative proportions of foreign-born doctorate-
holders resident in the United States vary by S&E field.

1These estimates are taken from the 1993 National Survey of College
Graduates, which, because it samples from decennial census records—rather
than, like most surveys of scientists and engineers, from lists of graduates of
U.S. schools—will be the best source of data for determining the percentage
of scientists and engineers that are foreign born until about 2004.

Psychology had the lowest percentage of foreign-born doctor-
ate-holders in 1993 (9.0 percent), and civil engineering had
the highest (50.6 percent). In general, the percentage of immi-
grants was highest in fields with favorable labor market con-
ditions (as measured by unemployment and IOF rates), such
as engineering and the computer sciences. It was lowest in the
social sciences (except for economics); the life sciences; and
the earth, atmospheric, and oceanographic sciences.

In recent years, the number of perm anent visas issued
by the U.S. Immigration and Naturalization Service (INS)
to immigrants in S&E occupations has been greatly af-
fected by immigration legislation and administrative
changes at INS. The 1990 Immigration Act led to increases
in the number of employment-based visas available start-
ing in 1992.'7 (See figure 3-12.) Further, the 1992 Chi-
nese Student Protection Act made it possible for Chinese
nationals in the United States on student or other temporary

17Because many immigrants—including scientists and engineers—enter
the United States on family-based visas, where reporting of occupation is
optional, S&E occupations might be undercounted.

Text table 3-16.

Share of S&E degrees held by foreign-born
recipients, by highest degree received: 1993
(Percentages)

Master’s/other
Bachelor’'s professional  Ph.D.
Degree field degree degree degree
AlIS&E ..........ccooveriene. 9.8 18.0 23.0
Life sciences ...........cecueue.. 8.0 15.0 21.3
Agricultural sciences ....... 5.6 16.0 20.7
Biological sciences.......... 9.4 15.5 215
Math/computer sciences... 11.3 21.9 33.6
Computer sciences ......... 13.6 29.0 394
Mathematics ......... .. 92 13.2 31.1
Physical sciences .... .. 1.3 171 25.9
Chemistry ............. . 148 23.6 25.7
Earth, atm. & ocean. ........ 5.2 9.7 16.8
Physics/astronomy .......... 11.2 20.0 30.6
Social sciences ....... .. 6.7 10.1 131
Economics ......... . 114 255 23.6
Political science ... .. 69 12.4 14.9
Psychology .......cccccceevennee 5.9 6.1 9.0
Sociology/anthropology .. 4.4 13.1 144
Engineering ........c.coceeueenee. 13.9 28.4 40.3
Chemical 32.5 38.6
CiVil ceveeeeeeieeeeeeeeeeen 36.4 50.6
Electrical/electronic 28.6 39.1
Mechanical 30.3 38.1
NON-S&E .......covvveieiiieennes : 7.7 124

NOTE: Data include all people residing in the United States at the
time of the survey with a degree in science and engineering,
regardless of where that degree was earned.

SOURCE: National Science Foundation, Science Resources Studies
Division, 1993 National Survey of College Graduates.
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Figure 3-12.
Permanent visas issued to immigrant scientists
and engineers
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visas to acquire permanent resident visas. In addition to
these legislative acts, changes in procedures for visas led
alternatively to surges and backlogs in applications. Aside
from these short-term effects, there appears to have been
little change in the growth of S&E immigration.

Stay Rates of Foreign Recipients of U.S. Ph.D.s

How many of the foreign students who receive S&E Ph.D.s
from U.S. graduate schools stay in the United States? Ac-
cording to a report by Michael Finn (1997) of the Oak Ridge
Institute for Science and Education, 47 percent of 1990-91
U.S. S&E doctorate recipients with temporary visas were still
in the United States in 1995.'® By field, this percentage ranged
from 28 percent in the social sciences to 53 percent in engi-
neering and the physical sciences. (See text table 3-17.) The
overall stay rate for S&E doctoral visa-holders in 1995 was
also 47 percent for the 1970-72 cohort.!® The percentage of
this cohort in the United States is stable over time, as 51 per-
cent were in the United States in 1980 as well (Finn 1997). It
is quite possible, however, that some of this stability comes
from individuals in this cohort reentering the United States
in mid-career, replacing others who leave the United States
in mid-career. (For more information on this topic, see chap-
ter 2, “Foreign Doctoral Students in the United States.” For a

'8These estimates were derived by matching records from NSF’s Survey of
Earned Doctorates to earnings records from the U.S. Social Security Adminis-
tration. Statistical adjustments for limits to Social Security coverage were made
by comparing against coverage rates for native-born doctorate-holders.

“Data from the NSF Survey of Earned Doctorates do not allow for dis-
tinctions between temporary and permanent visas from this period.

Text table 3-17.

Foreign recipients of U.S. Ph.D. degrees residing
in the United States in 1995

(Percentages)

1970-72 Ph.D.s
1990-91 Ph.D.s (temporary &

Ph.D. degree field (temporary visas) permanent visas)

AlIS&E..............c..c...... 47 47
Life sciences .............. 45 36
Physical sciences

and mathematics ..... 53 57
Social sciences .......... 28 30
Engineering ................ 53 58

See appendix table 2-38.
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discussion of the obverse phenomenon—emigration of U.S.-
born Ph.D. recipients—see “How Many U.S. Scientists and
Engineers Go Abroad?”)

International R&D Employment

Japan continues to surpass the United States in terms of
the proportion of the country’s labor force comprised of R&D-
performing scientists and engineers. (See figure 3-13.) Both
countries lead the remaining G-7 nations (Germany, France,
the United Kingdom, Italy, and Canada), although the U.S.
share of total G-7 scientists and engineers engaged in R&D
has fallen slightly—dropping from 48.0 percent in 1981 to
44.7 percent in 1993. (See figure 3-14.)

Figure 3-13.
Scientists and engineers engaged in R&D per
10,000 labor force, by country
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See appendix table 3-15.
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How Many U.S. Scientists and Engineers Go Abroad?

In 1995, at least 19,600 U.S. native-born, naturalized
citizen, and permanent resident Ph.D. scientists and
engineers lived outside the United States.* (See text table
3-18.) These included:

4 3.3 percent (13,900) of native-born S&E doctorates,

4 7.4 percent (1,400) of foreign-born S&E doctorates with
U.S. citizenship at time of degree, and

4 13.6 percent (4,300) of permanent residents at time
of degree.

Not included are U.S. citizen Ph.D. scientists who had
had only a temporary student visa or work visa when
they received their Ph.D.; it may be reasonable to as-
sume that this group is as likely to work outside the
United States as those who had already been naturalized
by the time of degree.

The likelihood of foreign residence for U.S. natives
is greatest for those with the most recent degrees—rang-
ing from 2.1 percent of 1945-54 native-born Ph.D. re-

Text table 3-18.

cipients to 3.4 percent of 1985-94 native-born Ph.D.
recipients. By field, the proportion of native-born
Ph.D.s resident in foreign countries is greatest in the
mathematical and computer sciences and in the social
sciences (4.2 percent for each). It is lowest in the physi-
cal sciences.

*Good estimates of the number of U.S. scientists and engineers who
work abroad are not available, and the numbers presented here should
be treated as lower bound estimates for several reasons. These esti-
mates are based on a match of administrative data from the NSF 1995
Survey of Doctorate Recipients to individual data from the NSF Doc-
toral Record File created from the Survey of Earned Doctorates. The
National Research Council (NRC) attempted to identify when a
nonresponse was due to the sampled individual residing outside the
United States as of the April reference date. To the extent that individu-
als residing outside the United States are more prevalent in the sample
portion never located by NRC than they were in the located sample,
these numbers will underestimate the extent of emigration. Note that,
since a short-term trip abroad would not count as residence, and since
the SDR data are collected over several months, there is little danger of
miscategorizing a short absence as working abroad. There is, however,
a somewhat greater danger of listing a person as living abroad who left
the United States for many years and has since returned.

Lower bound estimates of U.S. citizen and permanent resident Ph.D. graduates residing outside

the United States: 1995

Total citizen

Foreign-born with Permanent or permanent
citizenship at resident at resident at

Native born time of Ph.D. time of Ph.D. time of Ph.D.

Ph.D. degree field No. % abroad No. % abroad No. % abroad No. % abroad

AlLS&E ... 13,900 3.3 1,400 7.4 4,300 13.6 19,600 41
Life SCIENCES ...cocvveeiiiiiiiieeeeeeeee e, 3,400 2.7 200 5.0 900 12.0 4,500 3.3
Math and computer sciences ................ 1,000 4.2 100 4.2 200 10.2 1,200 4.6
Physical sciences . 2.5 300 8.7 800 12.6 3,200 3.3
Social SCIENCES ....ccceevuueveieeeeececiiieeen 4.2 300 7.5 1,200 18.0 7,400 4.9
ENgineering ......cccccevoverieiiieeiienieeeee 3.0 500 9.1 1,300 13.1 3,300 5.0

SOURCE: National Science Foundation, Science Resources Studies Division, Doctorate Record File and administrative records
associated with collection of the 1995 Survey of Doctorate Recipients.

NOTE: Number and percent abroad data are estimated minimums.

Projected Demand for S&E Workers™

During the 1996-2006 period, employment in S&E occu-
pations is expected to increase at more than three times the
rate for all occupations. While the economy as a whole is
anticipated to provide approximately 14 percent more jobs
over this decade, employment opportunities for S&E jobs are
expected to increase by about 44 percent, or about 1.36 mil-
lion jobs. (See figure 3-15.)

Approximately three-fourths of the increase in S&E jobs

20Data in this section are from U.S. BLS (1997).
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will occur in computer-related occupations. For a discussion
of the labor market impacts resulting from the demand for
employment in information technology-producing industries,
see chapter 8, “IT and Employment.” Overall employment
in these occupations across all industries is expected to double
over the 1996-2006 decade, with over 1 million new jobs
being added. Jobs for computer engineers and scientists are
expected to increase from 427,000 to 912,000, while em-
ployment for computer systems analysts is expected to grow
from 506,000 to slightly over 1 million jobs.
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Figure 3-14.
U.S. scientists and engineers engaged in R&D, as
a percentage of the G-7 total
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Within engineering, electrical/electronic engineering is
projected to have the biggest absolute and relative employ-
ment gains, up by 105,000 jobs, or nearly 29 percent. Civil
and mechanical engineers are also expected to experience
above average employment gains, with projected increases
of about 18 and 16 percent, respectively. Employment for all

Figure 3-15.

S&E jobs, by broad occupation: 1996 and projected 2006

Thousands of jobs

engineering occupations is expected to increase by an aver-
age of approximately 18 percent.

Job opportunities in life science occupations are pro-
jected to grow by almost 23 percent (41,000 new jobs) over
the 1996-2006 period; at 24 percent, the biological sciences
are expected to experience the largest growth (20,000 new
jobs). Employment in physical science occupations is ex-
pected to increase by about 17 percent, from 207,000 to
242,000 jobs; about half of the projected job gains are for
chemists (17,000 new jobs).

Social science occupations are expected to experience
below average job growth (10 percent) over the decade, largely
due to the modest employment increases anticipated for
psychologists (8 percent, or 11,000 new jobs). Economists,
however, are projected to experience more favorable job
growth (18 percent, or 9,000 new jobs).

Conclusion

There were few changes in labor market conditions for
scientists and engineers between 1993 and 1995, the most
recent year for which comprehensive data are available. For
Ph.D. scientists and engineers, the unemployment rate was
essentially unchanged—moving from 1.6 to 1.5 percent. A
similarly slight change held for recent S&E Ph.D. recipients,
whose unemployment rate went from 1.7 to 1.9 percent and
whose IOF rate increased from 4.0 to 4.3 percent. Unemploy-
ment rates across all S&E occupations were also low for
bachelor’s (2.1 percent) and master’s (2.5 percent) degree level
scientists and engineers.

While the vast majority of new Ph.D. scientists and engi-
neers do find work that is relevant to their training, indicators
of labor market difficulties exist in several fields. In physics,
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unemployment rates for recent Ph.D.s have dropped to 2.9
percent, but the IOF proportion has increased to 6.7 percent,
with placement in tenure-track positions at a historical low.
For recent Ph.D. biological scientists, unemployment and IOF
rates are low, but so is pay; and the drop in the percentage of
tenure-track positions is the greatest of any field. Relative
labor market difficulties also exist for recent Ph.D. graduates
in political science; mathematics; sociology/anthropology; and
the earth, atmospheric, and oceanographic sciences.

While postdoctoral appointments for additional training
have become more prevalent over time in most S&E fields,
labor market difficulties have stymied their increased use.
Exceptions may include both physics—where multiple
postdoctorate appointments are becoming more common than
in the past—and the earth, atmospheric, and oceanographic
sciences—where 29.3 percent of postdoctorates said they took
their appointments primarily because other employment was
not available.

The future of the S&E labor market is difficult to forecast
for any number of practical reasons, but some indicators do
exist. On the demand side, the U.S. Bureau of Labor Statis-
tics predicts an increase in S&E jobs of 44 percent between
1996 and 2006—a growth rate three times faster than that
for all occupations. The supply of individuals in the labor
market with S&E degrees at all levels is likely to continue to
increase even if there is no growth in degree production: cur-
rent graduate numbers are much greater than the number of
employed scientists now nearing traditional retirement ages.
The same age structure of S&E workers suggests, however,
that the number of scientists and engineers retiring will in-
crease dramatically over the next 25 years even if the aver-
age retirement age increases.

While changes in earnings and unemployment rates are
impossible to predict, on balance these factors suggest a fu-
ture S&E labor force that is larger and older. Further, this
labor force will generally be able to find employment that
make use of its training, though not necessarily in tenured
academic positions.
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Highlights

NATiONAL TRENDS IN R&D EXPENDITURES

4 Expenditures on research and development (R&D) per-
formed in the United States reached a record-setting
high in 1997, exceeding an estimated $200 billion for
the first time. In addition, the rate of growth in R&D in-
vestment in the mid-1990s was the highest it has been since
the early 1980s, in contrast to a period earlier in the de-
cade when increases in R&D spending failed to keep pace
with inflation.

4 Profit-making companies are responsible for the cur-
rent upward trend in R&D investment in the United
States. The most recent data show industrial firms provid-
ing $2 out of every $3 (an estimated $133.3 billion in
1997)—and spending $3 out of every $4 (an estimated
$151.4 billion)—invested in R&D in the United States.
Both proportions have been edging upward almost con-
tinuously for the past quarter century. Increases in the
mid-1990s in industrial R&D are the highest recorded since
the early 1980s and are largely attributable to record-set-
ting profits, intense international competition, and the in-
troduction of new capabilities in information technology.
In addition, in many firms, external research funding is
growing at a rate faster than internal spending.

¢ The Federal Government, which has been steadily los-
ing ground to industry as a national source of R&D
funds, provided an estimated $62.7 billion in R&D sup-
portin 1997. Federal R&D funding has fallen almost con-
tinuously in real terms for a decade, although the descent
seems to have tapered off in the mid-1990s. In 1997, fed-
eral agencies provided 30 percent of all monies spent on
R&D in the United States, down from 46 percent a decade
earlier (at the peak of the defense buildup).

¢ The decline in federal R&D funding is reflected in data
for each of the R&D-performing sectors—except
academia—but is most visible in data showing federal
support of industry R&D. In other words, the impact of
defense downsizing on R&D performance can be seen most
clearly in the industry-reported R&D numbers. In 1997,
federal support of industry-performed R&D was an esti-
mated $20.8 billion, down about $8 billion from 10 years
earlier. Between 1987 and 1997, the federal share of total
industry R&D performance declined dramatically—from
32 percent to an unprecedented 14 percent. It should be
noted that the federal share of the industry total has been
shrinking almost continuously since at least 1970, because
industry’s own funding has either outpaced or has not de-
clined as rapidly as federal support.

4 Academia is the only R&D-performing sector that did

not experience a cutback in federal support during the
1990s. The annual rate of growth in federal support, how-
ever, has been falling fairly steadily for more than a de-
cade, e.g., little real growth is expected for 1995-97. The
growth-rate decline can be attributed to efforts to balance
the budget and reduce the deficit.

4 All three categories of R&D funding—basic research,

applied research, and development—contributed to the
overall growth in R&D spending in the United States
in the mid-1990s: all three are at their highest levels
ever recorded, in both current and constant dollars. All
of the growth, however, took place in the private sector. In
terms of R&D financial support, the Federal Government’s
share of total funding for each of the three categories
dropped between 1987 and 1997, with particularly severe
declines for applied R&D.

4 The nonmanufacturing sector now accounts for ap-

proximately one-fourth of all industrial R&D invest-
ment in the United States; this is considerably greater
than in earlier decades. This higher profile is largely at-
tributable to the growth of the information technology (es-
pecially software) and biotechnology industries. Firms in
these two categories could seem to be taking over the an-
nual list of the 100 largest R&D-performing companies.

4 Among the six largest R&D-performing manufactur-

ing industries, companies classified in the electrical
equipment industry exhibited both the largest absolute
increase ($8.2 billion) and the highest percentage in-
crease (92 percent) in nonfederal R&D expenditures
between 1991 and 1995. The additional electrical equip-
ment industry monies appear in the electronic components
segment, which accounted for 56 percent of R&D dollars
in that industry in 1995 and experienced a three-fold in-
crease in R&D spending between 1991 and 1995.

4 Pharmaceutical companies’ R&D spending nearly

tripled between 1985 and 1995. The most prominent trend
in the drugs and medicines industry has been the melding
of pharmaceutical and biotechnology research: e.g., more
than one-third of drug companies’ R&D projects are pri-
marily biotechnology-related. In addition, the rapid growth
of R&D dollars reflects the high cost of research directed
at the discovery of cures and treatments for diseases like
AIDS, other viruses, and drug-resistant bacteria.

¢ Total federal R&D obligations were an estimated $68.1

billion in fiscal year 1997, 12 percent below the 1989
level (in real dollars), the peak year of federal R&D
investment. Defense downsizing, which affected programs
at both the Departments of Defense (DOD) and Energy,
fueled the overall decline.
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4 For the first time since 1981, DOD is expected to ac-

count for less than half (48 percent) of the federal R&D
total. The DOD share of federal R&D spending has been
declining steadily since the mid-1980s. In 1986, at the
height of the defense buildup, it accounted for approxi-
mately two-thirds of the total.

4 Cooperative R&D is now an important tool in the de-

velopment and leveraging of science and technology
(S&T) resources. There has been a major upswing in
the number of inter- and intra-sector and international
S&T partnerships since the early 1980s. For example,
the annual number of new research joint ventures has been
growing in most years, with the largest increases occur-
ring in 1995 and 1996, bringing the total number of these
research collaborations up to 665 by the end of 1996.

4 The increase in research joint ventures may reflect, to

some extent, companies’ participation in the U.S. De-
partment of Commerce’s Advanced Technology Pro-
gram (ATP). Between 1990 and 1996, more than $2 bil-
lion in public and private funds were invested in 288 ATP
projects. ATP funding was cut substantially in 1996.

4 Technology transfer activities became an important

mission component of federal laboratories in the late
1980s. Although more than 3,500 new cooperative research
and development agreements (CRADAs) were executed
between 1992 and 1995, government agencies now seem
to be backing away from these collaborative research ar-
rangements. The U.S. Council on Automotive Research—
better known as the Clean Car Agreement or the Partner-
ship for a New Generation of Vehicles—executed 32
CRADAs in 1995.

4 The elimination in 1995 of the Technology Reinvest-

ment Project affected DOD’s “dual-use” strategy of pro-
viding financial support to the private sector to develop
and deploy those technologies with likely applications
in both the commercial and military sectors. This project
was replaced in 1997 by the much smaller Dual-Use Ap-
plications Program.

INTERNATIONAL TRENDS IN R&D EXPENDITURES

4 The United States accounts for roughly 44 percent of

the industrial world’s R&D investment total and con-
tinues to outdistance, by more than 2 to 1, the total
research investments made by Japan, the second larg-
est performer. Not only did the United States spend more
money on R&D activities in 1995 than any other country,
it also spent nearly as much by itself as the rest of the
major industrialized “Group of Seven” (G-7) countries
combined—Japan, Germany, France, the United King-
dom, Italy, and Canada. However, in terms of nondefense
R&D spending, combined expenditures in these six coun-

tries exceeded nondefense R&D spending in the United
States by 18 percent.

4 Total R&D expenditures stagnated or declined in each
of the largest R&D-performing countries in the early
1990s, but has since recovered in the United States and
Japan. There was a worldwide slowing in R&D spending
in both large and small industrialized countries in the early
1990s. In fact, inflation-adjusted R&D spending fell for
three consecutive years (1992, 1993, and 1994) in both
the United States and Japan. Among the G-7 countries,
only the United States and Japan showed an apparent re-
versal of this trend in 1995, with the total R&D effort
rising by 6 percent in both countries (in constant dollars
and constant yen, respectively).

4 In the United States, the recovery in total R&D spend-
ing and its R&D to gross domestic product (GDP) ra-
tio is the result of increased expenditures on nonde-
fense activities. The U.S. R&D/GDP ratio has inched back
up to 2.6 percent in 1997 from its 16-year low of 2.4 per-
cent in 1994. The 1997 nondefense R&D/GDP ratio is es-
timated at 2.2 percent, a historical high.

4 R&D spending in the Russian Federation and in many
of the former communist countries in Europe remains
considerably below levels in place before the introduc-
tion of market economies. R&D downsizing and restruc-
turing of obsolete, state-owned (generally military-oriented)
enterprises are necessary to establish viable commercial
and scientific R&D infrastructures in these countries.

4 Worldwide changes in the R&D landscape are present-
ing governments with unparalleled issues of refocus-
ing purpose and direction in S&T policies. Defense
R&D has been substantially reduced not only in the United
States, but also in the United Kingdom and France, where
the national defense share of the government R&D total
has declined from 44 to 41 percent, and from 40 to 29
percent, respectively.

4 Among nondefense functions, U.S. Government R&D
spending for health is far greater than for any other
activity. From 1990 to 1998, health R&D is expected to
grow by 26 percent (in constant dollars) while funding for
all other nondefense functions will grow by just 3 percent.
Health programs now account for 18 percent of the U.S.
federal R&D funding total. The greatest growth is in AIDS-
related research.

4 Many countries have put into place fiscal incentives to
increase the overall level of R&D spending and to stimu-
late industrial innovation. Practically all industrialized
countries (including the United States) allow industry R&D
expenditures to be 100 percent expensed in the year they
are incurred, and about half of the countries (including the
United States) provide some type of additional R&D tax
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credit. From 1990 to 1996, U.S. industry received an esti-
mated $12 billion through tax credits on incremental re-
search and experimentation expenditures. About 15 states
offer additional R&D tax credits.

4 Industrial firms increasingly are using global research
partnerships to strengthen core competencies and ex-
pand into technology fields critical for maintaining
market share. Since 1986, companies worldwide have en-
tered into over 4,000 known multi-firm R&D alliances
involving strategic high-technology activities. More than
one-third of these alliances were between U.S. firms and
European or Japanese firms. Most of the alliances were
created to develop and share information technologies.

4 Substantial R&D investments are made by U.S. com-
panies overseas. From 1985 to 1995, U.S. firms’ invest-
ment in overseas R&D increased three times faster than
did company-funded R&D performed domestically (10.1
percent versus 3.4 percent average annual constant-dollar
growth). Equivalent to about 6 percent of industry’s do-
mestic R&D funding in 1985, overseas R&D now amounts
to 12 percent of U.S. industry’s on-shore R&D expendi-

Introduction

Chapter Overview

Research and development (R&D) appear to be benefit-
ing from the economic prosperity of the mid-1990s. Busi-
nesses are thriving, jobs are being created, and inflation seems
to be under control. A recent upswing in R&D spending in
the United States is paralleling these and other positive eco-
nomic trends. The annual level of R&D expenditures is esti-
mated to have reached a record-setting high in 1997, exceeding
$200 billion for the first time. In addition, the rate of growth
in R&D investment is the highest it has been since the early
1980s, a welcome contrast to a period in the early 1990s when
it failed to keep pace with inflation.

What is driving the recent R&D expansion? It is not the
Federal Government, which is continuing to curtail its sup-
port of defense-related R&D activities. Instead, almost all of
the acceleration is attributable to industrial firms. Simply
stated, many firms are reaping record profits, which is creat-
ing a profitable climate for investment in innovation.

The invention of new and improved products, processes,
and services has a pervasive impact on the quality of life and
the standard of living in the United States and other industri-
alized nations. Although a negligible portion of the world’s
financial and human resources is invested in R&D, advance-
ments in science and technology (S&T) often deliver huge
and crucial payoffs in terms of economic growth and prosper-
ity, national security, and the health and well-being of society.

A number of new trends in U.S. R&D investment have
emerged in recent years, including:

tures. Most (72 percent) of U.S.-funded R&D was per-
formed in Europe—primarily Germany, the United King-
dom, and France. Pharmaceutical companies accounted
for the largest industry share (20 percent of U.S. 1995 over-
seas R&D), which was equivalent to 25 percent of their
domestically financed R&D.

4 Substantial R&D investments are made by foreign firms
in the United States. From 1987 to 1995, inflation-ad-
justed R&D growth from majority-owned U.S. affiliates
of foreign firms averaged 12.5 percent per year. This
growth contrasts favorably with the implied 3 percent av-
erage annual rate of increase in U.S. firms’ domestic R&D
funding. R&D expenditures in the United States by for-
eign companies are now roughly equivalent to U.S. com-
panies’ R&D investment abroad. Germany, Switzerland,
the United Kingdom, France, and Japan collectively ac-
count for 75 percent of this foreign funding. Foreign-funded
research in 1995 was concentrated in drugs and medicines,
industrial chemicals, and electrical equipment industries.
More than 670 foreign-owned R&D facilities are located
in the United States.

4 an increase in R&D performed in the service sector;

4 an upsurge in state spending on cooperative technology
programs;

4 clevated political disharmony over the role of the Federal
Government in technology development;

4 a mushrooming of collaborative R&D efforts within and
across sectors and with international partners; and

4 rapid growth in global R&D expenditure flows, including
the rise in U.S. industry’s overseas R&D investment, as
well as foreign R&D investment in the United States.

In addition, federal spending priorities have been gradu-
ally changing. Pressure to balance the budget, combined with
defense downsizing (which began in the late 1980s after the
end of the Cold War), is continuing to reshape industrial R&D
activity, redefine the mission of federal laboratories, and re-
duce the growth rate of university research programs.

The purpose of this chapter is to track these and other U.S.
and international trends in S&T financial investment.

Chapter Organization

This chapter is divided into five parts. The first, “National
Trends in R&D Expenditures,” contains information on over-
all R&D funding trends by source of support, performing sec-
tor, and character of work (including national investment in
basic research, applied research, and development).

The second part, “R&D Patterns by Sector,” takes a closer
look at each of the R&D-performing sectors. R&D funding
and performance by individual manufacturing and
nonmanufacturing industries are examined; also included are



Science & Engineering Indicators — 1998

¢ 4-5

discussions of R&D investment by size of company, R&D
intensity, and federal support of industry-performed R&D.
Next, the most recent data on federal R&D obligations are
examined, including statistics for individual agencies and those
classified by character of work. The part concludes with a
discussion of federal laboratories’ role in national R&D per-
formance.

The third part is devoted to domestic partnerships and
alliances within and between sectors. Topics covered in-
clude industrial R&D consortia, technology transfer activi-
ties, and other federal programs designed to stimulate joint
research activities.

International R&D comparisons are examined in the fourth
part, beginning with an analysis of absolute levels of total
and nondefense spending by country, R&D/gross domestic
product (GDP) ratios, patterns of sector-specific funding and
performance, and information on the character of R&D work
undertaken. Next, considerable detail on governments’ R&D
focus and priorities is provided, including a summary of
recent policy initiatives and fiscal incentives for R&D per-
formance.

The fifth part summarizes the growth of international
R&D and technology alliances and the rapid rise in indus-
trial R&D investment flows into and out of the United States.

National Trends in R&D Expenditures

R&D investment in the United States hit a record-setting
high in 1997, reaching an estimated $205.7 billion. Total R&D
expenditures climbed an average of 4.3 percent per year (in
inflation-adjusted dollars) between 1994 and 1997, the high-
est rate of growth recorded since the early 1980s. In addition,
R&D as a percentage of GDP has also been rising. The recent
expansion in R&D investment marks a change from the late
1980s and early 1990s when there was relatively little or no
real growth in overall R&D spending. (See figure 4-1 and
appendix tables 4-3 and 4-4.)

National R&D Trends by Source of Support
and Performing Sector

The two major sources of financial support for R&D are
industry and the Federal Government, which together supply
approximately 95 percent of all funds spent on R&D performed
in the United States. The remaining 5 percent is provided pri-
marily by universities and colleges and nonprofit organizations.
(See figures 4-1 and 4-2 and appendix table 4-5.)

In addition to financing R&D, industry and the Federal
Government are two of the three leading R&D-performing
sectors. The third is academia, which is a distant second to
industry in terms of R&D performance. In 1997, industry,
academia, and the Federal Government were responsible for
spending 74 percent, 12 percent, and 8 percent, respectively,
of the total dollars invested in R&D in the United States. Two
other groups—federally funded research and development

Figure 4-1.
National R&D funding, by source
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centers (FFRDCs)' and nonprofit organizations—accounted
for 4 percent and almost 3 percent, respectively.? (See figure
4-2 and appendix table 4-3.)

Industry’s share of national R&D performance has been
rising steadily—from two-thirds of the total in the 1970s to
nearly three-fourths in the late 1990s. During the same pe-
riod (1970-97), the academic share rose slightly—from 9-10

'FFRDCs are organizations exclusively or substantially financed by the
Federal Government to meet particular requirements or to provide major
facilities for research and associated training purposes. Each center is ad-
ministered by an industrial firm, an individual university, a university con-
sortia, or a nonprofit organization.

2R&D performed by state and local governments is not included in the
national R&D totals. In 1995, R&D performance by these entities was esti-
mated to be less than $400 million. (See “State R&D Issues: High Geo-
graphic Concentration and New Data on State Government R&D Support.”)
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Figure 4-2.
National R&D expenditures: 1997
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percent to 12-13 percent—and the federal share dropped by
half—from 16 percent to 8 percent.

Sources of R&D Support

For-profit companies are responsible for the current up-
swing in R&D investment in the United States. In addition to
being both the largest source of R&D funds and the leading
R&D-performing sector in the United States, industry also

had the highest percentage increase in R&D investment in
the mid-1990s.

In 1997, companies provided an estimated $133.3 billion
to finance R&D performed in the United States, or 65 per-
cent of the national total. Nearly all of this amount—$130.6
billion—was spent on R&D conducted in industrial facili-
ties; the remaining $2.7 billion was used to support R&D
activities undertaken on university and college campuses and
at other nonprofit organizations. (See appendix table 4-5 and
text table 4-1.)

Industry-Supplied Funding on the Rise. In 1980, indus-
try surpassed the Federal Government as the leading supplier
of R&D dollars in the United States. (See figure 4-1.) During
the early and mid-1980s, industry’s share of the total stood at
about 50 percent. Then, in 1987, the proportion of total in-
dustry-supplied R&D monies began an almost continuous
decade-long climb, with the most recent data showing indus-
trial firms providing $2 out of every $3 spent on R&D in the
United States. (See figure 4-3.)

Between 1995 and 1997, industry R&D financing grew at
an estimated average annual rate of 7.7 percent per year in
inflation-adjusted dollars. This trend contrasts with that of
the preceding three-year period 1991-94, when no real growth
occurred in industry-supplied R&D dollars.

Federal R&D Funding in Decline. While industry’s share
of the national total was expanding, the federal share was
shrinking. In 1997, the Federal Government provided an esti-
mated $62.7 billion in R&D support, with federal agencies
providing 30 percent of all monies spent on R&D in the United
States, down from 46 percent a decade earlier (at the peak of
the defense buildup). (See figure 4-3.) Federal R&D funding
declined almost continuously in real terms between 1987 and

Figure 4-3.
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Text table 4-1.

U.S. R&D expenditures, by performing sector and source of funds: 1997

(Millions of U.S. dollars)

Source of R&D funds

Universities Other Percent
Federal and nonprofit distribution,
R&D performer Total Industry Government colleges? institutions performers
Total .....oooiiiiee e 205,742 133,308 62,745 6,278 3,411 100.0
INAUSENY oo 151,418 130,631 20,787 - - 73.6
Industry-administered FFRDCs® ....... 2,273 - 2,273 - - 1.1
Federal Government ..........cccccceeeeunen 16,450 - 16,450 - - 8.0
Universities and colleges ................... 24,031 1,710 14,285 6,278 1,759 11.7
University-administered FFRDCs ...... 5,405 - 5,405 - - 2.6
Other nonprofit institutions ................ 5,520 967 2,900 - 1,653 2.7
Nonprofit-administered FFRDCs ....... 644 = 644 = = 0.3
Percent distribution, sources ............... 100.0 64.8 30.5 3.1 1.7

— = unknown, but assumed to be negligible; FFRDCs = federally funded research and development centers

NOTES: Data are estimated. Details may not add up to totals because of rounding.

2ncludes an estimated $1.8 billion in state and local government funds provided to university and college performers.

SFFRDCs conduct R&D almost exclusively for use by the Federal Government. Expenditures for FFRDCs therefore are included in federal R&D support,

although some nonfederal R&D support may be included.

See appendix table 4-5.

1997 at an average annual rate of 2.3 percent; the greatest
drop occurred during the late 1980s and early 1990s. The de-
scent seems to be tapering off, however, as the annual aver-
age decline was estimated to be only 1.3 percent between 1994
and 1997.

Most federal R&D dollars (74 percent) are not used in
government-owned laboratories, but rather to finance R&D
performed in other sectors. (See figure 4-4 and appendix table
4-5.) For example:

4 Industry received an estimated $20.8 billion in federal
R&D support in 1997 (one-third of all federal R&D mon-
ies), mainly to finance defense-related R&D performed
under contract to the Departments of Defense (DOD) and
Energy (DOE).

4 Academic institutions acquired an estimated $14.3 billion
in federal R&D support in 1997; almost all of the funds
supported basic and applied research in the natural sci-
ences and engineering. In addition to the acquisition of
new knowledge and breakthrough discoveries, research
conducted on university and college campuses provides
another widely acknowledged benefit by playing a key role
in training the next generation of scientists and engineers.
(For more information, see chapters 2 and 5.)

4 FFRDCs and other nonprofit organizations received an
estimated $8.3 billion and $2.9 billion, respectively, in fed-
eral R&D funds in 1997.

Declining Federal Support Felt Most by Industry. The
decline in overall federal R&D funding is reflected in data
for each of the R&D-performing sectors—except academia—

Science & Engineering Indicators - 1998

Figure 4-4.
Federal R&D support, by performing sector
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but is most visible in data showing federal support of R&D
performed by industry. During the period 1992-97, federal
R&D funds supplied to industry are expected to show an av-
erage annual decline of 3.8 percent in constant 1992 dollars.
Cutbacks in federal intramural and federal support to non-
profit organizations are expected to average 1.7 percent, and
to all FFRDCs, 2.5 percent in constant 1992 dollars.
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In 1987, federal R&D funds accounted for just under one-
third of all monies spent by companies to conduct R&D. The
most recent data show the shrinking of that proportion down
to an unprecedented 14 percent. (It should be noted that the
federal share of the industry total has been shrinking almost
continuously since at least 1970, because industry’s own fund-
ing has either outpaced or has not declined as rapidly as fed-
eral support.) Although defense downsizing seems to have
taken a heavy toll on industry R&D, it is becoming increas-
ingly difficult to track defense R&D flows from federal agen-
cies to industry performers. (See “Accounting for Defense
R&D: Discrepancies Between Performer- and Source-Re-
ported Expenditures.”)

The curtailment of federal R&D work has had a definite
negative effect on overall industrial R&D performance num-
bers since 1987. That is, the estimated 6.1 percent average
annual decline in federal R&D support in constant dollars
registered between 1987 and 1997 partially offset growth in
industry’s own funding during the 10-year period. In 1997,
federal support of industry-performed R&D was an estimated
$20.8 billion, down about $8 billion from the level reported
10 years earlier. (See figure 4-5 and appendix table 4-3.)

Annual Growth Rate Slowed for Academia. It is impor-
tant to emphasize that the annual level of federal R&D sup-
port to academia has not declined. However, the annual rate
of growth in federal support has been falling fairly steadily
(in all but two of the past dozen years). The growth rate de-
cline can be attributed to efforts to balance the budget and
reduce the deficit. Although academia is the only R&D-per-
forming sector not to have experienced a cutback in federal
support during the 1990s, little real growth is expected for
1995-97. While the annual level of total R&D support sup-
plied by each of the five sources that fund academic R&D
rose in both current and constant dollars (see appendix tables
4-3 and 4-4), all the sources exhibited 1992-97 growth rates
that were about half or less than half of those recorded for
the previous five-year period.

Despite the recent slowing, federal support to universities
and colleges is estimated to have increased at an average an-
nual constant-dollar rate of 2.3 percent between 1992 and
1997. Industrial support is estimated to have had the largest
percentage increase during that period (32 percent), but fed-
eral agencies registered the largest absolute increase ($3 bil-
lion) in support of academic R&D.

National R&D Trends by Performing Sector

Industry. In the United States, industry has always been
the overwhelming leader in R&D performance. In 1997, three-
fourths of the total amount spent on R&D performed in the
United States financed work undertaken in industrial labora-
tories. The total cost of that work is estimated at more than
$150 billion; federal agencies supplied approximately 14 per-
cent of those funds. (See appendix table 4-3.)

A surge in industrial R&D performance during the mid-
1990s saw annual expenditure increases estimated at 6.2 per-
cent per year in inflation-adjusted dollars between 1994 and
1997—the highest rate recorded since the early 1980s. The

Figure 4-5.
U.S. industrial R&D expenditures, by source of funds
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expansion is entirely attributable to companies’ own R&D
investment and represents a turnaround from the preceding
three-year period when the annual level of industrial R&D
outlays failed to keep pace with inflation. (See figure 4-6 and
appendix tables 4-3 and 4-4.)

Academia. Academia is a distant second to industry in terms
of R&D performance, with total expenditures amounting to an
estimated $24 billion, or 12 percent of the national total. Until
1989, the academic sector ranked third in total R&D perfor-
mance in the United States, after industry and the Federal Gov-
ernment. Since 1983, however, the annual rate of increase in
R&D performed at universities and colleges has been higher
than that of the Federal Government (except in 1995). As a
result, academic institutions moved into second place in 1989,
behind industry. (See figure 4-6 and appendix table 4-3.)

Academia has not suffered a constant-dollar decline in
R&D performance in more than two decades. (See appendix
table 4-4.) However, the annual real rate of growth has been
decreasing almost continuously since 1986, falling from a
near 10 percent increase that year to an estimated 1 percent
change in both 1996 and 1997.

Most of the research performed on university and college
campuses is funded by the Federal Government. In 1997, fed-
eral agencies provided an estimated $14.3 billion, or about
60 percent of the total. Academic institutions supplied an es-
timated $4.5 billion of their own funds,? state and local gov-
ernments and nonprofit organizations each contributed $1.8
billion, and industry provided $1.7 billion.

Federal R&D support to academia has been increasing
continuously since 1982, even after adjustment for inflation.
Although industry supplies fewer R&D dollars to universi-

3See chapter 5, “Financial Resources for Academic R&D,” for an expla-
nation of universities’ and colleges’ “own funds” and for further discussion
of academic R&D expenditure trends.
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Figure 4-6.
National R&D funding, by performer
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ties and colleges compared to the other four sources, it has an
even longer track record than the Federal Government of con-
tinuous growth in the support of academic research—stretch-
ing back to at least 1970. As a result, the proportion of
academic R&D expenditures supplied by industry has been
rising fairly steadily, although industry still represents only a
fraction (7 percent) of total academic R&D support.

Federal Agencies. Federal entities spent an estimated $16.5
billion on intramural R&D in 1997. (Most federal R&D monies
are not spent in federally run facilities, but in other sectors.) Fed-
eral intramural R&D, as a percentage of total national R&D per-
formance, has been falling fairly steadily since the early 1970s
and was down to an estimated 8 percent in 1997.

In real terms, federal intramural R&D is at its lowest point
since 1982 because of cutbacks in DOD laboratories; these
labs accounted for 56 percent of the intramural total in 1982,
but less than half (48 percent) in 1997. The most recent data

show an estimated constant-dollar decline of 9 percent between
1995 and 1997. (See figure 4-6 and appendix table 4-4.)

R&D Support and Performance by Character
of Work

The traditional way to analyze trends in R&D performance
is to examine the amount of funds devoted to basic research,
applied research, and development. (See “Definitions.”) These
terms are convenient because they correspond to popular mod-
els that depict innovation occurring in a straight-line progres-
sion through three stages: (1) scientific breakthroughs from

Definitions

The National Science Foundation uses the following
definitions in its resource surveys. They have been in
place for several decades and are also generally consis-
tent with international definitions.

Basic research. The objective of basic research is
to gain more comprehensive knowledge or understand-
ing of the subject under study, without specific applica-
tions in mind. In industry, basic research is defined as
research that advances scientific knowledge but does
not have specific immediate commercial objectives, al-
though it may be in fields of present or potential com-
mercial interest.

Applied research. Applied research is aimed at gain-
ing the knowledge or understanding to meet a specific,
recognized need. In industry, applied research includes
investigations oriented to discovering new scientific
knowledge that has specific commercial objectives with
respect to products, processes, or services.

Development. Development is the systematic use
of the knowledge or understanding gained from research
directed toward the production of useful materials, de-
vices, systems, or methods, including the design and
development of prototypes and processes.

Budget authority. Budget authority is the authority
provided by federal law to incur financial obligations
that will result in outlays.

Obligations. Federal obligations represent the
amounts for orders placed, contracts awarded, services
received, and similar transactions during a given period,
regardless of when funds were appropriated or payment
required.

Outlays. Federal outlays represent the amounts for
checks issued and cash payments made during a given
period, regardless of when funds were appropriated or
obligated.

R&D plant. Federal obligations for R&D plant in-
clude the acquisition of, construction of, major repairs
to, or alterations in structures, works, equipment, facili-
ties, or land for use in R&D activities at federal or
nonfederal installations.
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the performance of basic research (2) lead to applied research,
which (3) leads to development or application of applied re-
search to commercial products, processes, and services.

The simplicity of this approach makes it appealing to
policymakers, even though the traditional categories of basic
research, applied research, and development do not always
ideally describe the complexity of the relationship between
science, technology, and innovation in the real world.*

Alternative and perhaps more realistic models of the in-
novation process have been developed, but they are probably
too complicated to be used in collecting and analyzing com-
parable and reliable data for policymaking purposes, and
would not enable time-series analyses. Therefore, the prac-
tice of categorizing R&D expenditures into basic research,
applied research, and development is unlikely to be abandoned
anytime soon.

All three categories of R&D funding contributed to the
overall growth in R&D spending in the United States in the
mid-1990s, and all three were at their highest levels ever re-
corded in both current and constant dollars. (See figure 4-7.)
All of the gains, however, took place in the private sector. In
terms of R&D financial support, the Federal Government’s
share of total funding for applied research and development
dropped dramatically between 1987 and 1997. For applied
research, the proportion declined from 38 to 29 percent. The
development loss was even more steep, falling from 46 per-
cent of the total to 25 percent. The Federal Government’s share
of basic research funding also fell during the same 10-year
period—from 61 percent of the total to 57 percent. (See fig-
ure 4-8.)

Most R&D dollars—an estimated $128.3 billion in 1997,
or 62 percent of the total—are spent on development. Ap-
plied research accounted for an estimated 22.5 percent, and
basic research for 15 percent. These proportions tend to be
fairly stable over time, although percentage point changes usu-
ally occur from year to year. For example, basic research’s
proportion of total R&D varied from 13 to 17 percent during
the last quarter century, while applied research and develop-
ment ranged from 22 to 24 percent, and from 60 to 65 per-
cent, respectively. In the mid-1990s, development increased
a couple of percentage points, and basic research fell by about
the same amount—probably a reflection of the expanding role

4See NSB (1996), chapter 4, “Alternative Models of R&D and Innova-
tion.” In a recent report, the Council on Competitiveness (1996) said “the
old distinction between basic and applied research has proven politically
unproductive and no longer reflects the realities of the innovation process...
The United States [should adopt] a new and more up-to-date vocabulary,
one that accounts for changing calculations of R&D risk and relevance over
short-, medium- and long-term horizons.” In its report, the Council identi-
fied three types of research (short-term/low-risk, mid-term/mid-risk, and long-
term/high-risk) and the economic sectors that have primary and secondary
responsibility for each.

In contrast, another recent study found that R&D managers/directors and
financial officials/accountants in both manufacturing and nonmanufacturing
firms generally agree that the National Science Foundation’s classification
of R&D expenditures into basic research, applied research, and develop-
ment appropriately describes the scope of their companies’ self-financed
R&D activities (Link 1996a).

Figure 4-7.
National R&D expenditures, by source of funds,
performing sector, and character of work: 1997
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of industry in national R&D performance. Industry performs
relatively more development and less basic research than the
other sectors.

Basic Research

In 1997, an estimated $31.2 billion was spent on basic re-
search performed in the United States, an increase of about 4
percent in real terms over the 1995 level, and somewhat below
the overall R&D increase of 7 percent during the two-year pe-
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Figure 4-8.
The federal share of total U.S. funding of basic
research, applied research, and development
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riod. Most of that amount—$17.7 billion, or 57 percent of the
total—was supplied by the Federal Government. Industrial firms
provided $8 billion, or 25 percent of the total; universities and
colleges, $2.7 billion; and nonprofit organizations, $1.7 bil-
lion. (See figure 4-7 and appendix table 4-9.)

Academic Sector Performance. Although the Federal
Government is the leading supplier of funds, the academic
sector is the largest performer of basic research, with expen-
ditures totaling an estimated $16 billion in 1997. Of that
amount, $10 billion were federal funds. Far smaller amounts
were supplied by the universities themselves, and by state and
local governments, industry, and nonprofit organizations. (See
appendix table 4-7.)

Financial support for basic research performed in the aca-
demic sector is not growing as fast as it did in the late 1980s
and early 1990s. The average annual constant-dollar rate of
growth was an estimated 2.3 percent between 1992 and 1997,
down from the 4.4 percent average registered during the pre-
ceding five-year period. All five funding sources contributed
to the slowdown, each exhibiting a lower rate during the pe-
riod 1992-97 than during 1987-92. The drop is particularly
noticeable in the largest source of funding—the Federal Gov-
ernment. It is estimated that between 1995 and 1997, federal
funding of basic research performed in the academic sector
barely kept pace with inflation. (See appendix table 4-10.)

SAccording to a recent study, only around 2 percent of basic research per-
formed in the United States is supported by foreign sources (Cahners Re-
search 1997).

Industry’s support of research conducted on university and
college campuses has always been a small but growing com-
ponent of the academic research portfolio. Industry officials
have tapped this resource not only to realize the beneficial
results of the research they sponsor, but also to capitalize on
opportunities to train future scientists and engineers, most of
whom will one day be working in their laboratories.® Indus-
trial support can take a number of forms, including hiring
professors as consultants, funding postdoctoral joint research,
and/or providing grants to individual departments (Council
on Competitiveness 1996). Although only a small fraction of
academic basic research is financed by industry—an estimated
6.5 percent in 1997—companies’ support increased an esti-
mated 8 percent in real terms between 1995 and 1997, the
largest percentage gain of the five sources that fund academic
basic research.’

Increasing use is being made of university research to fill
gaps left when industrial basic research is curtailed, e.g., in-
dustry and university personnel have been collaborating in
areas of military importance, including lasers, electronics,
computing, and materials (U.S. DOD 1996). Results from an
annual Industrial Research Institute survey confirm that “in-
dustry is depending more and more on academic research,”
e.g., the percentage of respondents anticipating increasing
grants for academic R&D rose from 12 percent in 1993 to
more than 20 percent in 1996 and 1998 (IRI 1997).

Industrial Performance. Industrial firms spent an esti-
mated $6.6 billion in company and federal funds on basic
research in 1997—about 4 percent of all industrial R&D ex-
penditures. The vast majority of these funds were companies’
own financial resources, which increased an estimated 14.5
percent in real terms between 1995 and 1997. (See appendix
tables 4-7 and 4-8.)

The gain in industrial investment in basic research esti-
mated for 1995-97 partially offsets a 20 percent decline that
took place during the preceding four-year period when sev-
eral companies’ central research facilities were dismantled.
That period marked the beginning of a trend toward shorter
term R&D and away from fundamental research, largely
“driven by the competitive environment and a motivation to
extract greater value (or ‘effectiveness’) from R&D invest-
ments” (Larson 1997b). (See “Top 10 ‘Biggest’ Problems for
Technology Leaders.”) R&D is increasingly being conducted
within individual business units in a concerted effort to speed

°A recent study revealed that automotive industry officials are more inter-
ested in universities’ preparation of students than in the usefulness of the
research their companies fund. Although they praised the schools for an in-
creased emphasis on manufacturing, they also felt “graduate programs needed
to focus more on real-world concerns” (Council on Competitiveness 1996).

"Passage of the University and Small Business Patent Procedure Act of
1980, better known as the “Bayh-Dole Act,” (see text table 4-8) spurred a
major increase in research collaborations between academia and industry.
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Top 10 “Biggest” Problems for Technology Leaders

The Industrial Research Institute has been surveying
its membership annually since 1993 to identify the biggest
problems for technology leaders. (See text table 4-2.)
Results from the 1997 survey rank “managing R&D for
business growth” first; this issue has increased in relative
importance to the Institute’s members, who ranked it fourth
and fifth in 1996 and 1995, respectively. “Balancing long-
term/short-term R&D objectives/focus” was identified as
the second most important problem every year of the sur-
Text table 4-2.

Top 10 “biggest” problems for technology leaders
(Percentages of total votes)

vey except 1996 (where it ranked first) and 1993 (third).
“Integration of technology planning with business strat-
egy” ranked third in three of the five years. The only item
evidencing a noticeable decline in relative importance over
the five-year period was “measuring and improving R&D
productivity/effectiveness.” Until 1996, this item was
ranked first in importance; in 1996, it fell to second; and
in 1997, it was ranked seventh out of the 10 problem ar-
eas.

Survey item 1993

Number of total responses ...............cccoooiiiiiiiiiiiiieee
Managing R&D for business growth
Balancing long-term/short-term R&D objectives/focus............
Integration of technology planning with business strategy ......
Making innovation happen ........ccccceeieiiei e
Management of global R&D ............cceceriieiiiieniienieesie e
Leadership of R&D within the corporation .............cccceeeeieenennees
Measuring and improving R&D productivity/effectiveness .......
R&D portfolio management .........c.ccceveeiieeieenieniieesie e
Selling R&D internally or externally ..........cccccceerieiiiiiieniieenienne
Information teChNOIOGY ......ccceviieeiiiiiieeiieciee e

Percent of responses (t0p 10) ...ceeeoueeeieiieriniiee e

1994 1995 1996 1997
193 258 242 223
NA 5.9 10.0 17.0
12.2 11.0 121 14.7
10.2 7.4 11.2 13.0
NA 7.8 9.5 10.3
2.9 3.5 4.5 5.8
3.2 2.3 4.2 4.0
15.1 11.5 11.8 4.0
5.0 4.5 4.5 4.0
3.1 2.6 4.2 4.0
NA NA NA 3.1
39.5 56.5 72.0 79.9

NA = not asked

SOURCE: Industrial Research Institute, Member Company Representatives, “The ‘Biggest’ Problems Technology Leaders Face,” Research Technology

Management, September-October, 1997.

commercialization of new technology.® Company research is
being “driven largely by business needs rather than curios-
ity” (Larson 1997b).

In some companies, corporate support for “central re-
search” activity has been eliminated completely. Allied Sig-
nal, Armstrong World Industries, and W.R. Grace are recent
examples (Larson 1997b). A survey of leading firms found
that central corporate funding accounted for about 50 per-
cent of central laboratories’ budgets in 1988, but had fallen
to about 40 percent in 1993, and that the percentage of cor-

8In the late 1980s and early 1990s, U.S. industrial firms were forced to
react to a significantly changed climate for R&D financing. Product devel-
opment was becoming increasingly market- rather than technology-driven,
and profit margins were eroding because of escalating international compe-
tition and ever-shortening product life cycles. To survive, companies had to
cut costs and take a shorter term, more product-oriented approach to R&D.
(See “Top 10 ‘Biggest’ Problems for Technology Leaders.”) To meet these
challenges, many corporate central research laboratories were either elimi-
nated or downsized, and business units took on a more prominent role in
performing and funding R&D. In addition, outsourcing R&D to other com-
panies and organizations became a popular way of keeping costs under con-
trol. The benefits of these changes are reflected in the enhanced
competitiveness of U.S. companies in the mid-1990s. Not only has the con-
version of R&D results into new products, processes, and services been ac-
celerated, but the United States has strengthened its position in several critical
technologies in which it had been slipping (Council on Competitiveness 1996).

Science & Engineering Indicators - 1998

porate funding in the budgets of business unit laboratories
decreased from almost 40 percent to less than 10 percent
during the same period (Bean 1995). According to another
study, increases in outlays for applied research and devel-
opment have occurred at the expense of basic research
(Cahners 1997).

Federal Intramural Performance. An estimated $2.7 bil-
lion was used to finance basic research performed in feder-
ally run laboratories in 1997. The annual level of funding has
not changed appreciably in real terms since the early 1980s.
(See appendix table 4-8.) In addition, basic research as a per-
centage of total federal intramural research has held constant
(at 15 to 16 percent) for the past two decades, indicating that
applied research and development—not basic research—have
felt the brunt of the general overall decline in federal intra-
mural research.

Applied Research

An estimated $46.2 billion was spent on applied research
performed in the United States in 1997—22.5 percent of the
national R&D total. The annual level of investment in ap-
plied research increased an estimated 17 percent in real terms
between 1994 and 1997, more than offsetting a brief 12 per-
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cent downward slide that occurred during the preceding three-
year period. (See figure 4-7 and appendix table 4-12.)

Industry, which led the growth in investment in applied
research in the mid-1990s, is both the leading supporter and
performer of this type of research. (See figure 4-7 and ap-
pendix table 4-13.) In 1997, companies were the source of an
estimated $29.4 billion spent on applied research undertaken
in the United States, up 36 percent in real terms over the 1994
level. In general, the proportion of all applied research funds
originating in industry has been increasing steadily—up from
42 percent of the national total in 1970 to 64 percent esti-
mated for 1997. Industry’s performance of applied research
was at an all-time high in 1997, an estimated $31.7 billion (in
current dollars), or 69 percent of the national total.

The industrial increase in applied research performance is
noteworthy on two counts. First, it represents a major turn-
around from the early 1990s when, between 1991 and 1994,
the annual number of dollars invested in applied research con-
ducted in industrial laboratories dropped more than $1 bil-
lion per year. Second, it is entirely attributable to companies’
own investment. After a series of hefty increases in federal
funding of industry-performed applied research in the early
1980s, the level fell each year between 1985 and 1988, recov-
ering in the late 1980s only to decline again in the 1990s. In
1997, federal support of industry-performed applied research
was just over half the level recorded seven years earlier. (See
appendix table 4-11.)

While industry financing of applied research was recover-
ing from an early 1990s slump, federal funding continued to
slide downward, falling an estimated 12 percent in real terms
between 1993 and 1997. The Federal Government’s share of
the total has been declining since 1970, falling from 54 per-
cent that year to an estimated 29 percent in 1997. The decline
was particularly steep during the recent period 1994-97, with
a drop of 9 percentage points.

Between 1994 and 1997, a major disparity marked trends
occurring among the three leading R&D-performing sectors.
While the annual level of spending on applied research un-
dertaken in industrial laboratories rose a healthy 28 percent
in constant 1992 dollars, the amount spent by academic insti-
tutions increased by a modest 5 percent, and the Federal
Government’s intramural performance was off by about 6
percent. (See appendix table 4-12.)

The annual level of federal investment in intramural ap-
plied research held steady in the mid-1990s at approximately
$5 billion; therefore, only a slight reduction in real dollars
took place between 1994 and 1997. In contrast, during the
preceding six-year period, federal intramural applied research
outlays increased an average of 3.4 percent per year in con-
stant dollars. (See appendix tables 4-11 and 4-12.)

Development

Six out of every 10 dollars spent on R&D in the United
States are spent on development. (See figure 4-7 and appen-
dix tables 4-3 and 4-15.) An estimated $128.3 billion was
used to finance the development of new and improved prod-
ucts, processes, and services in 1997. This amount exceeds

the 1995 level by about 8 percent, after adjustment for infla-
tion. Development funding has been increasing in real terms
since 1993, offsetting sluggish growth in the late 1980s and a
brief downward trend in the early 1990s which reflected de-
fense spending cutbacks following the end of the Cold War.
Federal support of development projects has been falling in
real terms since 1987 at an average annual rate of 4.5 per-
cent, although the rate of decline slowed in the most recent
years. In contrast, industry financing increased 5.1 percent
per year during the decade. (See appendix table 4-18.)

As with applied research, industry is both the leading pro-
vider of development funds and the major performer. Indus-
try became the largest source of development funds in 1974,
overtaking the Federal Government that year. Because the
advancing and applying of new technologies are activities
undertaken almost exclusively in the private, for-profit sec-
tor, almost all development dollars (nearly 90 percent) are
spent by industrial firms. In 1997, industrial firms were the
source of an estimated $95.9 billion, or about 75 percent, of
the total spent on development in the United States. All but
$313 million of these funds were spent in industrial laborato-
ries. The federally provided share of development funds is
now estimated to be 25 percent of the total, down from more
than 40 percent during the late 1970s and 1980s. (See figure
4-8 and appendix table 4-17.)

Of the estimated $113 billion spent by industry on devel-
opment in 1997, an estimated $17.5 billion, or 15 percent of
the total, came from federal contracts. Since 1987, a major
curtailment in the annual level of federal funding was reported
by industry, with a 27 percent (47 percent after adjustment
for inflation) drop being registered between 1987 and 1997.
(See appendix tables 4-15 and 4-16.) The most recent data
show the other R&D-performing sectors—including the Fed-
eral Government, universities and colleges, nonprofit organi-
zations, and FFRDCs—responsible for spending only 12
percent of the national total.

As development R&D performers, federal agencies spent
an estimated $8.7 billion in 1997, placing the Federal Gov-
ernment a distant second to industry in terms of development
performance. The most recent data show the annual level at
about $1 billion below the 1990 level. In real terms, federal
intramural performance of development fell at an average
annual rate of 3.7 percent between 1989 and 1997.

R&D Patterns by Sector

In this part, industry and Federal Government investment
in R&D is examined in greater detail. See chapter 5 for addi-
tional information pertaining to R&D performance in the
academic sector.

Industrial Research and Development

Industry is, by far, the largest R&D-performing sector. In
1997, for-profit companies spent an estimated $130.6 billion
of their own (and other nonfederal) funds and $20.8 billion in
federal funds on R&D performed in U.S. industrial labs.
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(See figure 4-6 and appendix table 4-3.) In addition, an esti-
mated $2.3 billion in federal funds were spent on R&D per-
formed at FFRDCs administered by industrial firms.

Mid-1990s Expansion. Between 1993 and 1997, compa-
nies’ own spending grew at an average annual rate of 5.8 per-
cent in inflation-adjusted dollars. This mid-1990s expansion in
industrial R&D activity is largely attributable to international
competition; sustained, record-setting profitability; and the in-
troduction of new capabilities in information technology. In
addition, in many firms, external research funding is growing
at a rate faster than internal spending (Larson 1997b). (See
“External Sources of Technology Gaining in Popularity.”) The
most recent National Science Foundation (NSF) data show a
43 percent increase in company R&D funds contracted to out-
side organizations between 1994 and 1995 (NSF 1997a).

The recent upswing presents a sharp contrast to the pre-
ceding two-year period when R&D financing was relatively
flat. In addition, the 1993-97 increase exceeds the 4.2 per-
cent average annual gain recorded between 1985 and 1991.

Federal Government Share at All-Time Low. There was
a time (30 years ago) when the Federal Government contrib-
uted more than half the total amount of funds spent by indus-

try on R&D activities. Although those days are long gone,
government funding did account for one-fourth to one-third
of all industry R&D spending as recently as the late 1980s.
(See figure 4-5.) The most recent data, however, show that
proportion, at 14 percent, to be the lowest it has ever been—
12 percentage points below what it was in 1989. Between
1987 and 1997, federal funding of industry-performed R&D
fell at an average annual constant-dollar rate of 6.1 percent.
However, the descent seems to be slowing: the estimated av-
erage yearly rate of decline for 1994-97 is less than it was
earlier in the decade. (See appendix table 4-4.)

R&D in Manufacturing Versus Nonmanufacturing
Industries

Probably the most striking change in industrial R&D per-
formance during the past decade is the service sector’s in-
creased prominence. Until the late 1980s, little attention was
paid to R&D conducted by nonmanufacturing companies,
largely because service sector R&D activity was negligible
compared to the R&D operations of companies classified in
manufacturing industries.

External Sources of Technology Gaining in Popularity

There are a number of ways companies can access ex-
ternal sources of technology, including:

4 outright acquisition,

@ exclusive license,

4 joint venture,

4 minority equity,

4 option for future license,

4 joint development,

4 R&D contract, and

4 exploratory research funding (Chatterji 1996).

Although data on the number and value of these activi-
ties are largely unavailable, considerable anecdotal evi-
dence indicates that outsourcing R&D is increasing. For
example, aircraft manufacturers are outsourcing more of
their R&D to their suppliers, subcontractors, and even cus-
tomers;* they are also actively involved in joint ventures
with their European counterparts (Council on Competi-
tiveness 1996).

A number of factors make external sources of technol-
ogy increasingly attractive. On the demand side are the
following:

*Boeing outsourced a significant amount of R&D connected with the
development of its 777 airliner, including relying on foreign firms (the
Japan Aircraft Development Corporation and other firms from Asia, Eu-
rope, and Canada) for design and manufacturing expertise (Council on
Competitiveness 1996).

4 Increased global competition has meant shorter prod-
uct life cycles and faster development cycle time. To
keep up with the accelerating pace of innovation, com-
panies are increasingly having to look beyond their
doors to gain access to new sources of technology.

4 Downsized companies that handed out pink slips to many
of their R&D professionals to reduce costs now find
themselves without all the technical expertise they need.

4 Collaboration enables participating companies to reduce
their risks in exploring promising but highly specula-
tive new technologies.

4 Recent success stories have generated more interest in
collaboration.

On the supply side, the following factors apply:

¢ The worldwide growth of scientific and engineering
knowledge has created new, valuable—and available—
information sources.

4 The availability of venture capital has spurred the for-
mation of startup companies in several high-tech areas,
including biotechnology, electronics, and software, that
are attractive sources of new technology.

¢ There is a growing workforce of technical profession-
als displaced by downsizing; their former employers
and other organizations are eager to take advantage of
their expertise and experience.
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Increase in Service Sector R&D. Prior to 1983, non-
manufacturing industries accounted for less than 5 percent
of the industry R&D total. A decade later, the R&D land-
scape looked very different because of a ninefold increase in
service sector R&D. The proportion of total industrial R&D
performed by companies classified in service industries
reached 26 percent in 1993 and then decreased a couple of
percentage points in 1994 and 1995. (See chapter 6, figure
6-15.)

In 1995, nonmanufacturing firms’ R&D outlays totaled
$32 billion—$27.4 billion in funds provided by companies
and other nonfederal sources, and $4.6 billion in federal funds.
(See appendix table 4-19.) Data for 1991-95 show the R&D
expenditures of companies classified in the service sector
increasing at about the same pace as in manufacturing com-
panies (which accounts for the 2-point decline mentioned in
the preceding paragraph).

Four industry groupings account for 90 percent of the
nonfederal R&D performed in the service sector:

4 computer programming, data processing, other computer-
related engineering, architectural, and surveying services
accounted for $9.6 billion in nonfederal R&D expendi-
tures in 1995;

¢ wholesale/retail trade, $7.5 billion;
4 communications services, $4.8 billion; and
4 research, development, and testing services, $2.8 billion.

It is likely that companies formerly classified in manufac-
turing industries account for a sizable portion of the R&D
dollars in these service sector categories (especially the top
three). For example, given the growing importance of com-
puter software (relative to hardware) and other information
technologies, a classification shift from manufacturing to
nonmanufacturing would not be unusual.

In addition, because the United States invests a relatively
large share of its resources in health care—13.6 percent of
GDP in 1995 (U.S. HHS 1996)—the increasing importance
of R&D laboratories in the nation’s industrial R&D portfolio
is also predictable. This greater prominence can be attributed,
in large part, to major advances in research on the human
body, the establishment and growth of a variety of medical
research facilities, and the maturing and success of the bio-
technology industry. For example, between 1975 and 1996,
nearly 1,000 biotechnology companies came into existence.’
(See figure 4-9.) Many of these companies are classified in
the research, development, and testing services category.

The nonmanufacturing categories also contain a sig-
nificant number of small startup firms. Some of these are
spinoffs from academic research—which is how many
software and biotechnology companies came into being (Coun-
cil on Competitiveness 1996).

°In addition to 1,165 “pure” biotechnology companies (the vast majority
of which came into being between 1975 and 1996), the Institute for Biotech-
nology Information counts 234 (including 56 instrument, 48 pharmaceuti-
cal, 32 chemical, 28 agricultural, 22 diagnostic, 20 food, 13 waste and
environmental, and 15 in other categories) companies that also conduct bio-
technology research.

Figure 4-9.
Number of U.S. biotechnology companies
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SOURCE: Institute for Biotechnology Information, U.S. Companies
Database (Research Triangle Park, NC: 1997).
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Manufacturing Sector. As service sector R&D became
more visible, manufacturing R&D lost some of its promi-
nence. Nevertheless, the manufacturing sector continues to
dominate industrial R&D. (See text table 4-3.)

In 1995, the six largest manufacturing industries—in terms
of companies’ own (and other nonfederal) R&D expenditures
in the United States were:

Text table 4-3.

Share of total company and other nonfederal
funds, by selected R&D-performing industries
(Percentages)

1987 1991 1995

All manufacturing industries .......... 91.6 747 748
Chemicals and allied products ...... 154 159 16.0
Petroleum refining and extraction ... 3.1 2.7 1.6
Machinery ......cccoocerieniceiiiniieen, 172 151 8.9
Electrical equipment ..........cccccuveees 17.0 9.8 15.7
Transportation equipment .............. 219 164 17.8
Instruments .........ccccoeeiiiieiiieneee. 8.1 7.6 7.8

All nonmanufacturing industries ... 8.4 253 252
Communication services ............... 1.8 4.6 4.4
Wholesale/retail trade .................... NA NA 6.9
Computer programming and

other related services.................. 3.6 3.6 8.8
Research, development, and
testing services ........ccccceceereneen. 0.1 NA 2.6

NA = not available

See appendix table 4-21.
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4 transportation equipment, $19.3 billion;

4 chemicals and allied products (which includes the drugs
and medicines industry), $17.3 billion;

¢ clectrical equipment, $17.1 billion;

4 machinery (which includes companies classified as com-
puter hardware manufacturers), $9.7 billion;

# professional and scientific instruments, $8.5 billion; and
4 petroleum refining and extraction, $1.8 billion.

These six industries accounted for 91 percent of all
nonfederal R&D funds spent by companies classified in manu-
facturing industries in 1995, the same percentage they have
held since at least 1985. What has changed is their share of
all industrial R&D dollars. That proportion fell from over four-
fifths of the total in 1987 to two-thirds in 1991, where it has
remained. (See appendix table 4-21 and text table 4-3.)

Among the six industries, companies classified in the elec-
trical equipment industry exhibited both the largest absolute
increase ($8.2 billion) and the highest percentage increase
(92 percent) in nonfederal R&D expenditures between 1991
and 1995. Text table 4-3 shows a flip-flopping in proportion-
ate share of the total for the electrical equipment and machin-
ery industries between 1991 and 1995, with the latter losing
29 percent of its nonfederal R&D monies. (All of the cutback
was in the computer segment of the industry.)

It is probably safe to assume that some part of the machin-
ery industry’s decline is attributable to a reclassification of
companies into other manufacturing (e.g., electrical equip-
ment) and nonmanufacturing (software) industries, although
this scenario cannot be confirmed.'? Likewise, the electrical
equipment industry’s increase may reflect some movement
of companies into that industry rather than real gains in R&D
investment. However, further study of NSF survey data indi-
cates that a sizable portion of the growth is real (NSF 1998c).

All of the additional electrical equipment industry monies
appear in the electronic components segment, which ac-
counted for 56 percent of that industry’s 1995 R&D dollars
and whose R&D spending increased threefold between 1991
and 1995.!! Until 1993, the communications equipment
segment was the largest component of the electrical equip-
ment industry in terms of R&D. But in 1995, that segment’s
R&D expenditures were less than half those of electronic com-
ponents companies; undoubtedly, some of the communica-
tions equipment decline reflects a reclassification of those
firms into the nonmanufacturing communication services cat-
egory. (See appendix table 4-21.)

0The R&D cutback by computer hardware firms also reflects the
industrywide trend of pulling back on central laboratory research to concen-
trate R&D resources on the development of new products for the market-
place (Council on Competitiveness 1996).

"According to the Council on Competitiveness (1996), “semiconductors,
opto-electronics, and flat panel displays (FPD) are the three critical building
blocks of electronics systems expected to drive U.S. competitiveness in elec-
tronics markets over the next several decades.” Although the United States
regained the lead in the global semiconductor market in 1992, Japan is still
out-distancing the United States in FPD technology, opto-electronics, and
photo-lithography.

In the largest R&D-performing industry—transportation
equipment—a 7.9 percent average annual increase (in infla-
tion-adjusted dollars) in R&D outlays by companies classi-
fied in the motor vehicles subgroup was somewhat offset by
a 2.7 percent average annual decline in the aircraft and mis-
siles segment between 1991 and 1995.12 The 1991-95 increase
in automakers’ R&D financing represents a major accelera-
tion in R&D investment by that industry, compared to the
preceding six-year period. (See appendix table 4-21.)

It is no secret that U.S. companies’ share of the world mar-
ket for motor vehicles declined during the last quarter cen-
tury; however, the industry has rebounded in recent years.
The success and strength of foreign competitors actually led
to a “revolution” of sorts in U.S. laboratories and production
facilities. R&D has played a major role in the changes, in
terms of both the automobile production process and the prod-
uct itself.!3 The overriding goal of the changes has been to
reduce production costs and time-to-market. Success is evi-
dent: where it once took five or more years for a new car to
go from drawing board to showroom, it now takes only two to
three years (Council on Competitiveness 1996).

Two of the largest R&D-performing industries—petroleum
refining and extraction, and chemicals (excluding drugs and
medicines)—did not contribute to the overall growth in
nonfederal industrial R&D expenditures between 1991 and
1995.14 Companies in these two industry classifications re-
ported cutbacks of 29 percent and 5 percent, respectively, in
their R&D financing during the period. (See appendix table
4-21.) R&D downsizing is reflected in oil and chemical com-
panies’ drop in ranking in /nside R&D’s annual list of the top
100 R&D performers in the United States. (See appendix table
4-23.) It is possible that at least some of the decline in in-
house R&D reported by companies in these two industries is
being offset by their increasing participation in industrial R&D
consortia. (See “Industrial R&D Consortia.”) Chemicals and
petroleum companies are some of the most active members
of research joint ventures (RJVs), especially those devoted to
environmental R&D (Link 1996b).

12U.S. firms are no longer the sole players in the world’s commercial air-
craft market. In addition to the entry of Airbus Industrie Groupe (a consor-
tium sponsored by the German, French, British, and Spanish governments),
other nations (including Japan, China, Russia, and Taiwan) have announced
their intentions to enter the commercial aircraft market (Council on Com-
petitiveness 1996).

3For example, all U.S. firms have adopted Japanese manufacturing prac-
tices such as concurrent engineering. In addition, various computer and in-
formation technologies have improved and accelerated the design,
development, and production of motor vehicles. Computer-based technolo-
gies have also played a major role on the product side, i.e., electronic sys-
tems have revolutionized the way vehicles are operated. In large part, these
new capabilities reflect manufacturers’ compliance with government regula-
tions. Meeting standards for mileage, emissions, and safety has played a
major role in shaping manufacturers’ research agendas (Council on Com-
petitiveness1996).

4According to chemicals industry officials, long-term R&D—i.e., the de-
velopment of new processes and products—has been sacrificed in favor of
seeking incremental improvements for existing products. Until the 1980s,
one-third to one-half of R&D expenditures in the industry went to new pro-
cesses and products; that proportion is now down to less than one-fourth
(Council on Competitiveness 1996).
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In contrast to the lackluster R&D performance of indus-
trial chemicals companies, the other part of the chemicals
industry, which consists of pharmaceutical companies, had
its usual healthy increase in R&D spending: the size of drug
companies’ R&D programs nearly tripled between 1985 and
1995.15 (See appendix table 4-21.)

The most prominent recent trend in the drugs and medi-
cines industry has been the melding of pharmaceutical and
biotechnology research; more than one-third of drug compa-
nies’ R&D projects are primarily biotechnology-related. In
addition, pharmaceutical companies have been collaborating
with and acquiring biotechnology companies to take advan-
tage of the latter’s potentially lucrative discoveries. The suc-
cess and strength of the biotechnology industry is reinforcing
the United States’s world leadership position in drug research
(Council on Competitiveness 1996).

R&D Expenditures by Size of Company

In 1995, 122 companies with more than 25,000 employ-
ees spent more than $1 million each on R&D in the United
States (NSF 1998c). Prior to 1990, this group of companies
accounted for more than half the nonfederal R&D expendi-
ture total. That share has fallen below 50 percent because the
R&D outlays of small and medium-size firms have been in-
creasing faster than those of large companies. For example,
small firms (those with fewer than 500 employees) accounted
for 14 percent of all nonfederal R&D expenditures in the
United States in 1995, up from 10 percent five years earlier.
(See appendix table 4-21.)

Industrial R&D Concentrated in Large Firms. Despite
small companies’ rising share, U.S. industrial R&D expendi-
tures remain heavily concentrated in a relatively small num-
ber of relatively large firms. For example, approximately 25
U.S. companies spent more than $1 billion each on R&D in
1996; 10 years earlier, only 10 companies exceeded the bil-
lion-dollar mark (Technical Insights 1997 and 1988). In 1995,
the 4 largest R&D-performing companies (in terms of non-
federal funds) accounted for 16 percent of the total amount
spent; the 20 largest, 34 percent; and the 200 largest, 68 per-
cent. The last statistic, however, is less than the 80 percent
and 82 percent shares held in 1990 and 1985, respectively.
(See appendix table 4-24.)

Changes in Rankings of Top 100 R&D Companies.
During the 10-year period 1986-96, major membership
changes occurred in Inside R&D’s annual list of 100 leading
R&D-performing companies. (See appendix table 4-23.) The
three largest R&D-performing companies, however, were the
same in both years, although the second- and third-ranked
companies switched places. That constant may be one of few
revealed by comparing the lists from 1986 and 1996, as major
changes in rankings occurred among the remaining 97 entries:

5The rapid growth of R&D dollars in the drug industry reflects the high
cost of research directed at discovering cures and treatments for diseases
like AIDS, other viruses, and drug-resistant bacteria. In addition, managed
competition is changing the way drug companies do business in the health
care services marketplace; new constraints on pricing could adversely affect
R&D (Council on Competitiveness 1996).

4 The Sth, 8th, 9th, and 10th largest R&D-performing com-
panies in 1996 were not among the top 10 in 1986.'¢ Of
these four companies, Intel made the largest leap, going
from 46th to 9th place.

4 Computer software and some computer hardware, phar-
maceutical, and biotechnology firms are increasingly
prominent R&D performers. Companies like Microsoft,
Sun Microsystems, Inc., Amgen, Seagate Technology,
Genentech, Compaq Computer, and Cisco Systems were
not even on the list in 1986 and now rank in the top 50.
Microsoft spends more on R&D than all but a dozen
U.S. companies.

4 Almost half the companies ranked 50 to 100 are new to
the list. Nearly every company in the new group is ei-
ther a software (e.g., Novell) or a biotechnology (e.g.,
Genzyme) company.

4 Almost all petroleum and chemical companies fell sharply
in rank. For example, Dupont dropped from 6th to 26th
place, and Dow Chemical and Monsanto dropped from
15th and 17th, respectively, to 31st and 32nd. The largest
oil company, Exxon, was 41st in 1996, compared to 14th
10 years earlier.

¢ Aecrospace firms also declined in ranking. Boeing and
McDonnell Douglas (which merged in 1997) dropped from
11th to 20th and from 19th to 55th, respectively. The com-
bination of Lockheed and Martin Marietta and all the other
acquisitions that now comprise a single company (see fig-
ure 4-10) kept Lockheed Martin at number 30.

R&D Intensity

In addition to absolute levels of and changes in R&D ex-
penditures, another key indicator of the health of industrial
science and technology is R&D intensity. R&D is similar to
sales, marketing, and general management expenses in that it
is a discretionary—i.e., non-direct-revenue-producing—item
that can be trimmed when profits are falling. There seems to
be considerable evidence, however, that R&D enjoys a high
degree of immunity from belt-tightening endeavors—even
when the economy is faltering—because of its crucial role in
laying the foundation for future growth and prosperity.

There are a number of ways to measure R&D intensity,
but the one used most frequently is the ratio of R&D funds
to net sales. This statistic provides a way to gauge the rela-
tive importance of R&D across industries and firms in the
same industry.

The ratio of R&D dollars to net sales tends to be fairly
stable over time, although year-to-year changes of 0.1 to 0.2
percentage points are not uncommon. Also, there are

!Lucent Technologies (ranked sixth in 1996) was split off from ATT in
1996. As aresult, Lucent got ATT’s top-10 berth on the list, and ATT (ranked
4th in 1986) ranked 36th in 1996. Another company, TRW, restated its R&D
expenses reported to the Securities and Exchange Commission in 1996 to
include all “sponsor-supported” R&D, which means that federal R&D funds
are now included in the company’s total. As a result, the co